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METRO

:

• The first part of our project involved research work on

past "udiea and papers on detritus ecology. The purpose of

;hi: ' s to formulate field techniques and to gather present

knowledge of stumps and logs and rotten wood and their importance

in the forest ecosystem. Once \ve had established our ideas, we

we >• ou1 • •'• : • red -each stump's height and width* We thought

ize • ' d important tc : cr - ; : fee, since the thv . . . . . - •

the wo' , the more insulation a Inst outside ter. • bur This

Wood Ic t i f j c • :: on

too} . dge-shaj d wooc s; mples, using a saw, from each

stump in an effor t to ident ify each stump's species typo, W

looked at thinly sliced cross sections f vertical and horizontal,

under a 30x dissecting microscope. The structure of the wood

fibers was the key to identification. We were interested in

knowing whether wood type had any relationship to different suc-

cessj 3nsl ' : ; ' ' " ' " ' ' ; f aninsls? 3nd plants o^ the st ••-•-••:



IK: - ' : : . 0

It ': ?; beginning of winter QUJ . ;r three students joined

t %ests to begin a quarter Ions; study on the ecology of tre*

stumps on the TKSC campus. We understood that rotten stumps

in A "oortant role in the force t ecosystem and wished to

s;ain some insight Into this role.

In search of these objective:-, we thought nome of the goals

of ' 'onect would be to 1} identify the species of each stur

b • . 'Oxi late age, 2} identify ^rici quan t i fy the flora

a n d fi • • • • • • • ' • th*3 stumps, \e through this i f

( •--.. In species plants and an 5 - occupy a SDecific tree

•• •: • "• - . ; : h; bit. . , J ) look for sv: :< \' •:. 1 trends in

the lif< on each stump, r-nd 4} xsmine the Tiiicroclimate of the

stumps :in comparison v/ith the surrounding atmosphere and ground

area, specifically measuring temperature and moisture content.

All of our field work took pJ.ace on the Evergreen State

College campus. For the study we selected four different areas

in which two stumps from each locality were chosen for studv.



: • • • an . i-ag< d ai d of 50-6Q year

oiri F • • • • " ' ' - rn nj gsjj i wj th a moderately dense canopy per-

litting d i f f u s e sunlight to reach the forerrt floor. A few

aiders (Alnus rubra ) arid bigleaf maples (Acer IDJ±5iror^yAj-}-l'ri) oc~

curred an scattered individuals. Major understory plants were

sala] (Gau_l_theria sjnal! • • - ) , Oregon grape (J^erJ^rJLs nervo-jg ) , and

hue! lei erry (Y^^P^-H^1]^ p'J-rvifo3-iTn]}. The soil possessed a hum s

; sevei " : inches deep, co:; : pi . ' • ily of Douglas-fii

Les an ; alal le Mos s formed an extensive ground cover,

J Id was • Larg ov : : prox. 10 acres) bordered

en tl • '•' s by s ;c : growth a L ler and D ' is-fir E on the

fourth aide by a roads The pr dominant plant cover was various

grass species and clovers (TrJJ^oliuin s p p « ) » vetch (Vi,_c_ia_ B p p » ) t

blackberries (Rubies Yiiifoii:i§) * ari^ raar!y small herbaceous plants,

not readily identifiable.

Tree stumps occurred scattered and. isolated in the field.

The study stumps were at leant 100 yards from the nearest woods,

Stu;v; u n • .; • c '• - f 15 feet • ' • a : '- t to

it. The soil of the area was mineral with a very shallov/ organic



La ye

' ' ' '•'^LJ-^S^LS was located on top of a bluff ne ,r

! . Inlet, The tree overstory, perhaps 100-150 years old, con-

sisted of Douglas-fir, western hemlock (Tsiiga ,hej^e_rci)h^;lla),

and western redcedar (T^huja plicata)-. One large bigleaf maple

grew adjacent to Stump A. Understory plants were salal, Oregon

grape; huckleberry, and mossest The dense canopy left the forest

D or h d even on sunr- '. ys« A, large accumulation of organic

I t d a deep humus layer cc rered tht ground.

.--rove W?H a pure i .i of Immature (approx» 30-^-0
v

y : • rubrj , growing in a -ve t , boggy soils The canopy

v/ ' 1 • :n, permitting >i L'< • : • • • i Alight to penetrate th ' - .gh .

Understory plants, excepting mosses and grasses, were confined to

logs and stumps (such as huckleberry and salal) or were annuals

and unobserved at the t ime of the study, A layer of decaying

leaves overlaid the waterlogged soil.
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ti — . ; borJ ig Tor the age of th stumps, using a drill

• • rer, bu1 found the rotten wood to be too broken up and

et to form good cor . or disti ict rings, such as sound wood

would produce. Hence we could only estimate the ages of the

si mps by size,,

of r*la':;:

of h< ; •• >u: >] nts and collect ng ind ids • Xlfication of mosses

2oui - wa.R 'not possible for lichens and mosses, Instead ? w<

esti • .• • : it ; : of the . p each speci s covered and

what su strate it was growing on. Identifications of plants

were made using Gilkey and Dennis (1967)* Mosses and .lichens

were identified using a Nikon dissecting microscope, Moss leaves

were stripped off the stesB with a rasor blade and. floated off

in water to permit easy observation of their structure,. Lichen

acid testf were conducted to verify the results of unreliable

visual id • 'ication. The keys used were Schofield (I1 6SO for

i - . - V: ' ••)••:• '• i "'."-r • • • - • • •



:- •

Soi i ssts were conducted using the ] ~- Motte Soil Test Kit,

• • • . . • - • : • • • ' • y O R color cor : • . is t o obtain value • - . - . pH w a s

determined by using drops of colored pH solutions and comparing

h colored :] rts,

Litter fall was determined by removing all the litter toy

•• ' • • . bhe tops of stumps t including vertical cracks and gaps

etwe bhe barh and o • ? wood. The litter was stored in plastic

• nd we i • • : a Dia.l-0-0ra~i 'balance scale. Wet and dry

, • mred, : - • " measure was used to de l - ' Lne

stu- ire • rence i h n :e t ilculate the surf'':.'",: -rea and

the litter w i ;ht/unit area ratio,

Microcj-ingte

Another chapter of our field work was the study of micro-

climate. In our research we found that, stumps often harbor dif-

ferent plant and animal life than the rest of the forest because

of their different temperatures and moisture contents inside s^

compared, to the exterior environment. For this reason , ecological

animal species.



' ' • ' • ' till

8 ;emperature rei : ;s were dene In a four day time period

in bruary. Dr,e stump- In each of the areas was used as follows t

Stump A Ir, the Douglas-fir grove
Stunip A In the old field

p B In the mixed conifer "rove
Stump A in the alder gro

A probe from a teietherrnoi::r-'!:':r (YSI JViodel ^-6 Tl !C}» accurate

to 0.1 degrees Centigrade, was placed horizontally rrv.^-ach stump

'-'•• there for the duration of the experiment, A hole wan

d •' 1] rith n increment borer, the 'nameter of which ;:?as do

o that o . • probe, Th '• ti : of the hole was stuffed ith

litter or lust to insulate th< ' from the outside air.

nperatures v</ere read or; •: '• • our "basis, at 8:00 /

ano '0 : allowing travel time from area to arcs. Four read-

ings were taken at each stumps core temperature, temperature at

one half the distance between the core and the bark surface, tem-

perature jufi t under the surface of the bark (if any ) , and outside

air temperature near the ground.

Moisture content

The method utilized was essentially that used to determine

soil* molstu >y the gray] ! t ' '

pies were placed in metal fI3.pi cans and left to dry for eleven



it spr :' tely 100 degrees C Ln a t< hen overs. Lids

remove 3 ' rorn thi < . • ' ;o drying.

Sai pies were obtained 03* using a brace with a 3/it- inc-h v/ood

bit* "Inner" and "outer" refer to the depth from which the saw-

p] • were taken, "Cuter" samples are those taken from approxi-

m; bely the outer one quarter of each stump, "Inner" samples were

obtained from the -..-enter of each stump. In tables #2 and #3

. : •••:.' . " r ' rs to soil s: . l s obtained at the bi 3© of the

- '• and • i] mter" refers : b : sj pies obtained approx.

••' '••- the stui >. table #1 : c.mples were taki

at m Ld-sti) ' vertical! •,

The numbers he< : ' ' ; : ach : the co . th« data repre-

sent the fo] Dwing information:

rfl - weight of the empty film c
i^2 - weight of can plus v/et wood or soil
#3 - weight of can plus dried wood or soil
#4 - weight of water •- #2 minus #3
#5 - weight of dry v/ood or soil - #3 minus #1
#6 - percent water content - jj-J, divided by #4- X 100



D] CUSS ION

i

The • ft Ivor br: bus food chain is of mor< importance in

forests than the herbivore-browsing/grazing chain, A H much as

. i of the energy fl~ow in forest ecosystems Kay pass through

detritus feeders (Korraondy,, 1967), Direct graaing by herbivores

on living plants is limited in comparison. It includes dee]

foliages porcupines ea1 b rk, and leaf-eating '"'• -

• •-•' • . • ' . )lant material in forests fa] ; - ; to the Around

in i forr of litter or detrit Th detritus • rves as nn

ene • • < s o irce f o r r a i l J ' ^ ; "B i n t h e soil a n d i n

: ^ s and ] s, Th sse d scon ; 3 inc.] ̂ de n i : 3£ .. • [ ) ii i -ta ^ Is,

wood-ea-! • insects, earth r< s, fungi, and bacteria. The ani: i

decomposers are 'preyed upon by predators and the plant decomposers

are graced upon by herbivores, such as ones that live on fungi,

Thxis a complex system of decomposers, herbivores, and carnivores

is supported by the accumulation of detritus on the forest floor*

In- ad!dition s the decomposition of detritus returns nutrients



u i co] i Le ' organic compounds which • ' sec x i n bre; '.'• ch

• i ' ie • . or abs< ^tion b plant from the soil»

Plant debris is co po; - d of organic and Inorganic sub--

• 5se Inorganic elem nts such as K , Mg» Fe, F, and S remain

a; ash v.'hen all organic sub; Dances are removed. The recycling of

pVfosphorus, " • implished by phosphatising bacteria , is important

; ci frequently ph • • phorus is a "' LtJ ; nutrient of the pro-

ic ' of • ; os ys terns (Gol} ie r f 1973)« Calcium is recycled

c . - • ; • • Ltion f litter while sodium and pota

/
are Led t u ; l « -- : wood (Collier, e t . a l . ) ,

••• ; i ranic M 'tion c c ; is : / ists of n on-nitrogenous coin-

- Btarche? • ! sus t C - • ulo; : ; ' . . ? ) _ , } . a product

of photosynthesis, is one of these sugars. Breakdown of th« ' •

compounds recycles carbon, hydro-arm t and oxygen through the eco-

system* About '/5'S of these substances break down into G0? and K p O

in the soil while 2$fo become incorporated in the tissues of decom-

posers, who eventual ly die and release these elements again.

Detritus also is composed of nitrogenous substances such as

• H, S, phosphoric acid n »r, .

resins and oils cotncosed of C, 0, and H» C * 0, H » S. and P are re-



( • : > • : -eakdovm or these coi o\ s too, but the most Im-

n1 • - yc Led e] e ient ir n i : r , ; i

re nitrogen in the form of 2mmon in ( N H ^ ) In pro-

tins. Shortly af ter death the ai onia is released from the rest

of the protein by pioneering decomposers. They either release it

directly or through their excretion. This process is called de-

aniroaf ion t The ammonia is further reduced in two steps to ni-'- -'

rate, a i >cess called ni t r i f j : ' First nitrite bacteria

H ../••' i Th< n i ate bacteria further n - it as such ; KNOp

• ! 0-3, In the form of nit ; i • ^ ~ ) f nitrogen is soluble

in ter and is rea li] . a.ssirn: i t ] ' o i of y^lants.

Some of the nitrate is converted to gaseous nitrogen ( N ? ) by

dentrifying bacteria, and is released to the atmosphere,

Bacteria are responsible for the breakdown of most nitrogen

stored in organic substances. Animals accomplish much of the

breakdown of r, on -nitrogenous substances. There are many over-

lappings in function,

i tinct zonation of d ;ritus - 0] th< sol,]



• posed than the 01 s • bove. Th-- top layer is called lit-

' i anol xnc : • • ves f "twigs » orsncfies» logs i. ana stumps» '.;

f; 11 of litter is continuous in coniferous forests and seasonal.

in d a - ' iuoua f< rests. The next layer is plant re;-:.idue, which

consists primarily of partially d yed litter. Breakdown of

non-nitre : mous subst; i ces occurs in this layere K, P f N , Ca', and

- • : ' a r li : • 1 out, being water soluble. Leaves turn dark brown

In c : and \d orui bit ,. The top two : tyers are known as the

( • bee ise thcv • - , . . [y or^-'nic in nature. The under-

lying >b: le- or < nd h i . is a m . ire i /'*a,nic and inoi , anic

(Bunting, 1965 )* The ic : of )ile ] un con

rer- • i, decay-re ' ' compounds such as lignin, tani

nic acids, and renynthesi7.c 'd :-ubstances f also resistant to decay,

kn.ov/n ng humic acids. At first these humic acids, complex corn-

pounds of C, Of and K f dominate the mobile humus layer5 They are

insoluble in water and have an acid pit. In some soils soluble

fulic aaids are formed, which contain more C,?.Qz and K and less N 6

state of decomposition of any , ; a _ ;r in the humus.



Fur-

he fungi re ; DJ : • • , the majority of which

nern i - an sa] 'ophyi i.c that is, thej use the dead, or decora

posing tissues of plarri : and anima .s their food source. A

i'ev? species are parasites of living organisms. Fungi do not

possess ehlor >ph; • -: : ". : nc they cannot mar • v .cture their ov/n food

using water, CO^, end sunlight, Saprophytic fungi are an im-

•ta : constituent of the dec >mpos rs in the detritus food

Along ' i ' a* .. • • . ;ers and bacteria they retu- n

- . : ' • • ; ' - • ' : T. : its "' nin •. tissue;:; to the soil,

The fungal structure ;: a bra chirig n twork of hbllov; tut

i ; ' c with cytopla . - , knov/n ' : the • • lium. The tuber, s or

hyphae, are divided at regu] • Intervalr? by cell walls, or

septa* An open pore in the center of each septa permits ex-

change of nutrientp and the flow of cytoplasm between cells.

The hyphae walls and s spt< s. •• com] : sed of either cellulose or

chitin. As the myceliunj grows the hyphae extend at their tips,

" sn each reaches n certain length a nev, septa forms. A fev, pri-

: can "leap ross non-suits ;

sxxb3trnt«s to reach suits le s.



." • • • are • : id anc ... lents absorbed over the entire

surface c fhyce] • racuoli in older cells hasten absorp-

tion, Hyphae ; ;J-G c; . e of pe r Lng strong substrates such

as wood* They tal the .. th of least resistance by growing in.

sap channel? and between cell'walls, physically prying apart the

cells and breaking then* down with enzymes.

Fungi reproduc ;ion iries from simple to complex, de] mdii

on the species. Fungi in a "perfect" state produce sexual spores;

"imperfect" : • ' proc ase a] spores* The spore-produca

or )| • * ' • "sary fror sicn CO] c growths in the niyc- ;

. i -fac s to the familiar mushrooms of higher fungi, 'The > hroom

i character!: 3d by a vertical stalk f . I c ; aontal caps and vertical

rills* Spores are proc iced on the surface of the gills on special

cells called basidia. They are ejected forcefully from the basi-

dia a distance of 0,1 mm, sufficient to-clear the gills and drop

into the a i r , • Air currents disseminate the spores. The spores,

millions on one mu 1 co - . - ; - ; thick or thin-walled*

Genetic change in fur ;] ' encouraged by various combina-

. . . . . . . . . tion. Combine t • i -



• ' . ; ' *
V • •

.- "••-" i /"}
• ' • . . - . I ir"

. ; . , . , ^ , , [alii tnd .al! , thy ar< - mp] "•• . • ,

3?hi • found or; organic substr bes s such as 8 st:

a.re mostly decomposers err non-nitrogenous organic compounds, A

few species feed on either dead fungi or bacteria. Cferrott (1963)

suws up succession of fungi on organic substratesi

: : Ojj
r ' i- •• i- .> •( *t y £ JL

//*. . ! 1 , <m&S*

'^fHfiits . -
,̂  i. i'^.j." f (V , ' .

1 K\ , • • • •
. ,

.
• • .

.

5 5 (/

S 'TH «c, 2 -5-m^^ .? _J
'

L t S I >'! l-i, j ( , . . , - . ; . U <' ~C j>j, <>!

- • ' • : ' '

"• ' — • - • • • - . ; '
fa**;.

• ' E :.;
'

frl t ' :

sent tissue is neithe ; .- d or alive.

The first stage t bre< ' I own of simple sugars and ca?.?.bohy-

c &• s, is res iily accom; - " - . sheds These compounds are stored in

the sap* Fungi attacking sap are known as sap rots, Decorr:po-

sition of cellulose la more difficult and takes longer to accomp-

lish* Cellulose is stc =d in the sapwood and heartwood of trc - ,

After these areas have rot : all that i left is the bark and

• . . . rj , ;en of ligni? " . i : ; : ' •



ing re ; ••' '> Merr r- -is tc de y, Lignxn is 5Tery d i f f i c u l t

to • ;pos e »

Tl i si pr< 'hytii ;u . :• fungi of stage 1 compose an abundant

. i iety of specie , q ;lj members of the class Phy< omycetesf

with a few s " • ci< ' < ( hytridiales. Common sugar fungi on

Northwest coniferous dead woods include P l

(pitted sap rot), Pj, Yi!?I?Jj::l(l'k2:L* an(̂  '-'::;r • '-'*-±r£ L̂xli?-̂ '̂  (brov-

socket rot) (Buchanan, 19̂ 0).

Cellulose decomposers are relatively few In number and of

i

only a few also decomp se lignin. o; t ^-h" the species ar •

her fungi ^ n the cl : sse; asidi< ycetes and ' : jomj^cetes.

\n ;if many of wl L< pn h c ushroomss are evolutionarily

iced than th< sugar fungi* Kon-rnushrooiii producing cel-

3 ' ose decomposers in Northwest conifers (Buchanan, 19^-0) include

(rootrot), P5 pinicola, and GanJ.darrna

Thc':-o that also cf : c spose l.î nin. include ];olyp_orsa_ sxyj

and POTTIJ • ^^GUS f '•:!§. annosv?s is especially widespread be-

cause It survives eith r : : a vigi : asite on living trees

33 • '

Mushrooms commonlv found on decayed coniferous wood inc.lu.de



C11 oc i urnrvtj ( f a loe chanti a }, Qm^hajLins u srn,

PI?-- • . . ! " . • . . - . . • - , . - . carrrpane"

: i Id : - ' • i p e ' . ) , • ' • : c - • • ' 3§S.» a"('i H—"*' ' ' • • - ' • ' ' • ' ' "-IS.

(on Douglas-f ir) ,

Some of • icies grbv/ only in ' • • : . sapwood, others in

"both tl 5 • : .': and tha hear'1'

The fungi of sta, ^ : ^ ' do ' alw ys \y succeed the

gar fungi, ': ! D.ility of nitrogen is a limiting factor,

Dec p< sition of sugar and i . "ohydrates occurs faster than am-

' Lcation and nitrif icat '• i , The celj.ulose fungi germinate

• soon a suffici 11 nitrog Is i ' sed by bacteria and ani-

: ;gar fungi sre adapted to their colonizing role by 1)

sir abui iance in numbers and species and 2} their rapid spore

germination and mycelial growth. Some of them are exclusively

colonisers, Oth i 3 Lnger 011 as secondary fungi* dependent on

by-products of cellulo : nd li ">iin decomposition*

The competitive saprophytic ability oi' fungi is determined

/ . • • • • • • : : retion o f ens

3) the production c titoxins, and ; - ) le resistance to toxins



' 'st two factoi 1 : se the inoculum potent 'U!L-,

] • • 'ate of s "• i '" . r bl • as colonizers but the

secretion of s' r? • ' ev« n ;u lly favors cellulose and lig-

nir fungi. Coir i ;ition io keenei fc during .rtage 1 and decreases

: th successive stage-

Many fungi secrete toxins ^/hich inhibit the growth of other

fungi or bac : ' : ' k e w i s e bacteria inhibit fungal growth with

fc] ;- - own toxins* creating a condition known as fung5 ta Is.

Fungal • ov th is ' • : : * d by physical factors , .Only th<

th. • >holj : ; ' c'.'.i . . ' '' "• '•' : • .r'ss of 65-75 degr< -

" iti :" ie« Ey, ;esi moistur is ] ov/n tc t • a limiting factor to

•;i on the undnra^ - : , . o 3 • ..11 in t. Olymp! is (Buchar->an s 19^-0).

id pH of highly org'::;;:: ubstrates prevents the growth of

ich prefer more mineral substrates. Acid pH also breaks

down som° toxins„ a factor which reduces the competitive ability

of fungi which secrete those toxins.



" ' lichen ectuJ •.'.'.;• If ft -nt plants, fungi and

. i al, LIvI ••:• , V a symbiotic relationship*. The

a in li"; strui bure is the thallui r a scaly thin body adhering

to the substrate. The xhallus'Is distinctly layered. The upper

cortex is dry and tough, Underr-: i Lies the algal layer?

I cells are enmeshed In a network of fu ; 1 hyphae*

"'.-•

: ; - • • - the medulla, a layer of Intertwining hayphae without

>! •••• ; cells, and firally the lower cortex. The tha.llus is en-

tirely compos a of fungal cello, exeludi?":;' the algal layer.

Lichens grow in three forms* The crustose lichens grow as

In shec - n bai^e rock and are bhe very first colonizers,,

Folii Lie ien have . 1 er thalli forming leafy lobes,, They

OTOW on rocks or 'organic substrates. Pruticose lichens are

i
stalked or branched, and grow prin '" ly on organic substrates.

The common lichens on de; • wooc are mostly members of the Hlajicjaia

family^ ,; : cc i j-ist of ?: lobed or squamulose base5 adhered to

the rock. Out of thin grov, erec , Branched or unbranched pode-

': • - • ' >f " !<? thallus. .:



ayered : o botto ; r are Is ye red around .

llo centr co ;,

of sore< La . These are erx ptions of the alga] layer t h r o u / . i the

; ts of a few alga] ce] : i ni • • led in ' tube of fungal hyphae,

the whole encased in protective gelatii • j 1 ; . v soredia are carried

ly by wind or rain. Simple • • • • : . / Dentation of lichens Is also a.

c mm on ' thod of reproduction* New lichens ,'tl.l grow from fr

men ;s of the thallus, prov5(; c bhe : : - -erst containB some alga]

- :; .

The fungal component of the lichens also produces fruitin

bodies. These spore-bearing &v ' !:: oia appear on the surf; :e of

the thallus. In QJLad, i , they are on the tips of the podetia.

These spores are wasted, hov/evers because they will not grow

without the prescence of the algs , Lichens also produce Asexual

ctur '. s which may be r ponsible for the production of apo-

thecia ,

- •'• : ' • . - he fun, 3 , : not vice • re: • ; .

Together, they beneJ ' • ; • er, The fungi absorbs nutrients



• orn . ' . ' • ~: - or ; -ganic substrates, depending " •

' ;' • ! a i ; on rock, the lichen se cr e i e : ac i

which dissolve the rock. The fungus s c bs dissolved rnanerE"

in the acio and its hyphai physically break up the rocks T

depends or bhe algae for the rest of its nourishment, which is

manufactured through photosynthesis. In return the fungus pro-

vides a well-protected and i oist environment for the algae»

s

The fungi in lichens growing on highly organic substrates

are sapri phytic ?: :; depend less o""> the algae •-. - a food source*

Lg g do pr Lde the lichen with a distinct i dv; rtage in

• Ionizing burnl woods where fungi alone have difficulty growing,

rowing on ti. • . ?ood are called nitrophiles because

oj their tolerance of high nitrogen in the substrate. The fungal

component, in this...case, plays a role in the detritus cycle.

Limiting factors to lichen growth include heat, moisture,

and light. Lichens with thick cortexes are adapted to extremes

of heat and can tolerate drought for long periods of time,, The

•̂  e ary in their1 ; ; hi ^quirements. Some t>refer nhady woods,

. . : . . " • . , . . L ' ,'ears in dry, col, en

virontr.en.ts exposed tc hs sunlight, such • the arctic tundra,



- • • : i . . II : . - orts .., • ;imple smal] green plants

tern. The class B • . ; b.a seldom gro\r 5 cm tall or 20 cm

long. The mosses cons; t of two da :t, separate parts. The

•. • ;tophyte IB the leafy part of the plant. It Is anchored r.t

the ba . b; s network of reddish rhizolds, little rootlets whc\y purpose is anchorage. They do not absorb water or nutrients,,

?he erect or t: . Ling s1 rr is reer when young and red when old*

The Le; - ; are a1 . ched all : • >un<4 "the stem. Th;" raraetophyte

be u ibranched or brai chec ' ly ti; es over.

The sporophyte, v/hic'1: rges usu3.ll.- f: crest of

• f j t o p h y t e f consiBts of a long, brownish stalk, or .seta, with a

roundish capsule at the top* The capsule is capped at the other

end by a sort of lid. the operculum. When this falls off it re-

veals a r ing of p< Lnted teeth, the peristoine.

Thv. m < >ses ' life cyc ' ? i : involves a sexual generation (garne

bophyte ) and an asexual gei ' ;:'ion (sporophyte). Sexual organ

ich year rt . :ops • tv>»o ;cia' • bra r '^ i of ' :



game • ' . . - . T h e fern; L e branch bears t h e archegonium, a flask-

pec tolding ( in a l iquid, distinctly different from

: ! - ; Leave ; « V Le brai ars t] s antheridiutn9 an

elliptic; 3 body conts i: • s ierm si • i . i d< 1 ; \ layer of ^terilc

cel'l.3e When it r i ' the ai bhe: ' • ; ' • ; ; • • ; ' : t) sn^rm r - .

through the rainwater f attracted towards the archegonium by the

fluid • : ; : - d i f fuses out of it. When a sperm unite-;? with an -v

it forr^r: a zygote, the first call in the future sporophytc, The

ma IK branch dies but the new : ; - v ,:ventually emerges from the end

c F : . 'eroale : ich, cl: sped b its base ;v a spe< Lai set of

Lchaetia] : ives, Th« is< : ual spor-. ;• ar« b ,\e DH ;he pe

borne. When the operculum rail? Dff the peri; dry out and

flic '•. , po: s in to the air. Upo • : 'mination bhe spores grov; into

new {rametophytes.. These spores require specific moisture regimes

and substrates to germinate t

;'-s grov/ i n cli i i , • • ' i-g outw< rd« They consist o f

three broad groups? 1) Aquatic mosses, which live in the water,,

2) Terr i tri< I n is , ;;ch live on land and can tolerate low

. • n ich - - • : ; ^»ater su p :

(Bland, 1971).



•

; 1 of tb mix? ' •"-'• te-

• • ' It " - . ' • • ' • ' LI and winter but it

is d ; here in the s " ' ie sti >s do have the advantage for

mosses of retaining moisture after ins,

Mo;':-; 8s obt< in nutrients froi - "ganic subs bane s in the so :

or on rotting wood. Cellulose Is manufactu -ed through photo-

1 - o i H , V/ater iu supplied either from the substrate or by

i • .

: ort: are very : :"-r to raoBser;, They undergo the

same reproductive cycle and :ist in the sam< : : -"oi ta ts . They

d i f f e • ' • • stn cture, ays growing fl' v • two rows of lea\.>

re ing on ei' - r sii • oJ the stem of the •'•".'metophyte. A third

" r Lli r ur : - r save; i y bo present. The ' large leaf cells

a re distinct • • hexagons in shape r

The bryt.phytes do not play any role in the decomposition of

or anic u --trates. They do nlay an important role in colonizing

ba : rocks aftei L'ichens have started the process. On stumps

and logsf mosses provide : slter for lichens and other germina-

: ' ' •• • - i strate there«



1

L i retain wa1 • - - , : . - : • . . , • , • - - : - :

losses : - • . . • - . . : - • tempera bure, moisture f and

•-••;. t in a similar i " "• r t< lichens. They can vdthstand

drought and cold, but not to the sa.i \e as lichens,



„
"T

-J CO CO 5-
i

0 C
rH ^L

'
r1^ P ;H O 0) rH O o* ra 3 'P .,• 

.
•p

.
•&

J
*~

r™
i

CD ,-C -p p (J) rH O 'l_
j

^>
,

'.
I'

"
^ cd *-~. ?• 

j
ro rH

 
-

P
,

CO *t
" 

,,
v / fi> t'; r° i'4

r" 0,5 c,
}

P •P r
-
r

-
P

*r
-~

_
p K f; 5 o LO CO T
3 a> £-
-c

»
r—

 i
,-
..; fr O O P o P
.

rr
f f.'i P
i

g P I.
J to

 
.

ro i" CC
-

10 A
'-' r"

•"
"i <L

i
_
p i"
 ,• Cl.< ;C_
,

.p <
-j c; ,

 —
 J

1 —
 i

r?

CH C c •r
--

',

C
O

0
'' G o £_
;

P {jj CO CO • H <LI P /
T

\C

40 'G a' ~p K a) p b t—
 i

0
)

r1
'

„;„
.:> £
.

»
r-

i F ""5 -P ?,
.,;

4
-3 Y
f'
,

,-
-
-
,

CO 0 •H M , 
i

O a

tO 4
^ C
)

CL
": C'*
'

P ,H -P {/*
'

p •H C
f_

; C> ,C up

is
,

 —
 ,

'"T
*

rr
\.

! —
 5 t»
*

J
>
j

t—
 i

(!
)

> •-'0 •̂
x 'd c o £
- c OJ

.,;
...
-1

•
}
- G P y
v
.

r
C

^

P

*r
~

i

..;C
^

4
."

«
rj i-..

s.

f,Q -p ^) • H

r^
'-
|

f~ ct' CO 01 s~ i) Ci3 ..p to d- __
j

p
.

•c£
.,
-! E CD ^
-f G
)

;̂£

»
(•

 
(

C l>
_ cq
"

E' S
" 

O i —
 1

,i'~
!

P
^

c''
)

rC
!

-
P C

i
o "O 5 o.; M
~i to b
;
'

C i—
 i

f-
! C.1 -p c Q
)

•i-

' O f-
,

,-
- -

.
CO a,' '•p (2? Q

J

r.o - —
 '

ro .H c J>
5

r
o E fo c> o >?

•; —
 s

*r
~i J
.̂

S cr
,

*r
— ^
-'
P

,

f"
> t I'd C.
'. r/) !-î P
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as the logs merge \vith the soil, until all lop;s boant the san

species composition. E Id not discover how long it takes for

• : - t he 1 and bh< ) ] ' • ' elterirife, vegetation
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con ' ps, bee; .. L t] e acid • on top. The >e spe-

high,ly •( ic, acid 31 i strate to germinate* The

map] dlii ; • : i bo be r« :. 'Lng only to noisture.

The Vac'" • ' ' i ecis s varied in size from shrubs two fe ;t

high to tiny sprouts. The plantain was observed on other

stumps than those studied in both the alder grove and the mixed

conifers.

The numh-•-:.-. ' of moss species \vas 17* the most diverse of any

class of pit i surveyed. The largest number of different

; • occ : on Stu p A in the ; rove. There was no

con; Is • • , bt< . • " • % of spec :; diversity among the Rtmrpsp but

1 ie fc t ... : a cover; ge of the stumps by mosses varied dis-

t inctjv. The stumps in the i ix> d conifers and alder grove had

approximately half of their surf3.ce area, covered by mosses. The

tops were <-•'.- necially well-covered. Coverage of the Douglas-fir

grove • ! • 3 somewhat ] sss, while in the open field only

Stuifjp A exhibited nuch covei ige. The mosses were mostly con-

fined, to the ton, Stu; ; bi • / d only a few tufts of rross
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in the or-*] fit Id, which were neutral on top* They were all

could be determined. The surroundin : LI w ' either acidic or

bee use bhe litter 1; . - . ' • • : not very ie< p and was entirely

' • • • - / leaves ; sticl Phe sp icid litter o f the mi

' . - - , . 'ers producer; acid pH values for the coil. The sa?r;e w;:.-

bhe ' s originally about tv/o feet underneath the

sui :, : ; ; ; j . the d.i1 -'digging exposed it. This would account

for Its lack of organic matter and neutral pH, despite the lit-

: , Layer that had accunv : ted on ite The soil in the opr-n

field war- slightly me - jnd highly mineral. The hurnus layer

. .. very thin, since or;! 1"" herbaceous 'plants o.nd gras ses ,w;rew on

• was - Lgnifi : :• : arnounl of nitre • '• in all the s tumps



• • • • • • • . : . . >ei1 . s e values were inacc

• • • ' : ' ' . 3 t< " : _ ' • • . ' . ! drawn that nitrifi-

•• ' . of the • D rtji ' ' ' . . . . 'W :• •" • t co . >li b< d ir :.he stun ps.

That Is, ammonia had already been rt iuced to nitrite and further

to nitrate. In cop . t, brea] d . n of cell : Lo and li/min w

obviously not completed, since the stumps were largely whole and

unc 'uml '.. d, ; ' / ' . d since i yi lia] networks were visib] ' • and

and lushroo is ap; -ed on one stump, and since these fu ••'-.

a • dependenl on noi 3C irapo; ; . - . rs ind carbohyc " >s for nour-

if*l '. it. Thus there would, appeai to be £ ' le jag, betwi en bi .

do\vn of nit] t^enoi . compo\mds nd : • < DW o.t ion~: LtrO; •'••lou.s

: . ' . , . ' . - ' : LO . . to -such a time lag in the liter-

ature, however, BO this c : us ion is not substantiated.

Theri >'- 'as an abundance of phosphorus, magnesium, and calcium

in the woods. These are primary plant nutrients. Indeed, plants

gro-« on top of all the stu • sv ;n Stump A in the open fie3.d,

wit] ': Ittei layei on ' tope P a.nd Fv]g had no consio-

n ••; . ' in value; but ca Lciu sh / . ' - d an increas-1 from top to botto

low™ - . , Valu ^ : the top v/ere bhe - for all stumps. The



• • • " ' ' • • • ' " 0 ' • • '.'••'•''.'• Litter l.H"

be s1 . : . - pa] y a Ln the ; • • . since Ca is cor -

• - one color chart cc ir. • • v< s made for each sample , Th«

other test: Involved s single comparison \ - : : ^ . n subtle shad : - - of

the same c >1< : leaving them open to arbitrary interpretation.

In a< r - > : he e soil test kits were intended for soil and •

• I, no the valu s for the topi a roots ay not be accurate,

. >s reached wer< r ' : ui ' - . . Lr . form of Ibs. per acre

or hi| ••••'' )\v/ lium excep'1. ' ' par is ns : re en each othor*



•• c i id : of dry Iit1 . : - jig] b/surface area on

ton of stum] w r< Is ml i bh ' it we expected. The ratio

; vera !;e< h ghest under f : : • • cl< se< canopy of the mixed c nj -' - '£

and the Douglas-fir gr< v , s< newhs ; • " ^ > v > open canopy

of the '. • • * •' • • • ? » ami very lev; in con • "v.rison in the open f i e ' •

even with !• ; - ' c tr< es growing adjacent two of the ' • mps there.

111 " : sti area( lif er nc< s in litter fall could bn a c ™

coi- 2( for by (1) different . in bhe tii elapsed 3J ice the var-

ious - ' - " ' '• "'•''': and ( 2 ) ;h< pr i i ;e o ; ' : . • • jp ci : ic^ s and

fissi ' : " ' • ; . . ti nps» Cle: : ; ; ? a stui p ?hich - is cut 10 years

i ; • • • • • • • . would • " ; • litter accumulation,

•ovided that ther w< trees growin above the stump when it

m : Dut. In actuality, the stumps were probably cut during the

earre year in each area, an< " - • left stanc?r : 'r in open areas

c < ' 1 : ' ' - : - cleared of trees9

Cracks and f i r iur< ' i cu i Lat d large amounts of litter

. ' • ] •• jom; >sit li . u greatest in. bh< e pockets. Gaps

,«as the case • . ' ' ; Stump 2 ir> the mixed conifers



its such as • ' L a ic ' : rry tended tc grow f : :

. ;e ] :keti >f Ltl sr.

Ths '"-er the " j ~ • " • i rs du .1 "the interJTo.cc bs —

the decoiaposin - Litter •"•.nd the d co - ': : woods Dec c po-

sition of woo ; opeared to proceed faster under a litter layer,

•• 'haps because of the shelter the litter affords to decomposing

Lth the '••••'•••• :. accumulations, Le., a top undecomposed layer ai 3

count. t 9 circumference was simply measured with a tape t not
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. • . • •'• in the Dou ,°;la s -- f ir : : -
ieli

- -• ; • ' , • , • • . - • '••• • . - • jrfOVe

i A a n I he a Ide r rrov<

data would be that both Stump 3 in the mixed conifer prove and

• ;• - • • ; : , : • outer •, • : ' - : ••• •-, " the s 1 ' i m j s w< • ' - ' ve ' -:- her

i : cc . • nt than bh \i -• - " portions due to rnore exposure ;<

' bv/o " - - ! S j bu1 not wh< i • ' ; stu . • . • ave hollow ce t ;rs,

ter • - Lo1 the revt 'se Is true? the centers

have a hi; s moisl ire coi ' r than the outer portions. "• cau ;e

Limi"' tripling it is difficult to say if this would, bo a

def ini'i". trend in either case.

le ''•• the bum] utilized v/as Stump A in the DougJ.as-fir

In this e ierii - ; • > ; i • • : = : Li ?ut tv/o ideas e One , to see i f

. - -- ; - • • ' •



•

' : ;- Tab] 3 . . , r ' see if theri . • • Trend :

oil moisture : rtenl ht at the ! • . • -. s bum p : £ opp y, • ••'-.

•'•'• ' y, [n the first case, v - 2 not sure what to ex; •

In T »le i . with Stu moisture content of the outer saFip3.es

but this if not : i v -03 ed in T£ ; le , 2 wi bh stump A. V/ith the -inner

samples, le: s moisture is < b er /: mo 'ing vertic; 'i ;•/ low ir Ts ile

; - - ' but this is not observed :' able $J, h field observatio: y

' ' ' . Whil i --.•• ' • a 2B8 the mid-inner sample, a

; ;h of wat< c • ' :' : " • ' the h >le, The am,cunt ' : • ter •

• •• j • o n ) i C ' i : : : n vo] u m e , ior Lnve : Lor vith -'• stic;' ,

m r hole or : : ;' at. coul : no1 b< 1< • : :d. Again, ? very j.in:^

j Lo< ality of a p; bicular i tump. As we had expected with the



5lst ! conteni che stump i -• r; " L: ;ren

of ' Our p : it i 'ing the y.-ettest se; .

in tn< . clfic Northward undo ted ' yie : 15 C iTe rent vS: ues

• - . • - ; • ; : ; : ol Lned n the dri • ummei ., 33 s n « ; . 'i i . ;;er

question thai coul : >e as! = < is, would centers of the stur.••

3 ow 3- higher moistup« 2on1 : v d " r seasons than the outorv

/
portions bee use they would not b< . pos id : . ^ bl axtr ;roes of

thf. r?
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teristics. The prescenc? of nitrate but the Lack of nitrite migi ; .

i n d i ^ - - " . thai nitri: icatj - o ' t h e w< o d w a s almost completed, ^ :

I ! C1 -• 5 '.' : '

; - ; ' : • • o : - " , " i " • ' ' • - ? : at lihe roots tl ' '



. • Lum ccnce ' • • 13 tte c n i ' \ : ' \< - •

: ' '; - ' ' . ' ," : '••'•' • . • " • ' " ; • ! • ' • ' . • • vrs and the

in the open field. The d . r. ; : : : >py of the ov . v - % - the

th i wj I ' ^ : : . ^ 3ne. . Pr^ cei ; c : an ectohu i •>, but lack of an •

rumus- on t of s bum] • ' c 01 < ' d t ; ten 'i c "sec dar; soil succe; • \"

IVioisture content if : 'eatest - ; : - ; ; = surface or where th



JT; ; ^ • • ; . . ' 3-j Iso - . . • - • ' : . . -
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