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An Overview of Forest Canopy Ecosystem Functions with Reference to
Urban and Riparian Systems

Abstract
Function\ offofesl canop) ecosr-\telns gcncrrll] includc photosrnthesis; sexual repfoduction oftrees: light absorplion, nodilca
tion. and sh.rdmgl nutrienl c,-clirs: atmosphcric i lcrrcrion; h]drologic interrcrion; .rnd bxxlner\ity. ln (his papcr. lvc briell!
fe\ iew sone of these functions ard d w compaisons from !\\o specialized systems. the uuban .rnd the iprrim. Urban lorcst
canolies abaie noi\e. amelioftrte urbln tempefuturc incrclscs. conserve energ,v b,v drading buildings..rnd capturc particulatc
naftcr. pollutants. and carbon dil)xide rionl $e .ir, \Llich makcs citic\ orc livable for people. Riprrian and $etl.rnd lirest
crnopics al i icr  !enrperat  re and pr imaf!  pfoduct ion of  rquat ic  habi ta l  b)  shading.  in i luence product iv i t )  by cont fo l l i rg
lllochlhonoLrs inpuls including coarse wood,v debris..Lnd pf(nide unique hrbiml lbr wildlifi and other biota.

lntroduction

The tbrest canop), has been callcd an "indepen

dent and complex subs,vstem' (Carrdl 1979)of
the fin-est itself, where a myriad oforganisms in
leract rvith the trees to effect ecosystem lunction.
The tbrcst canopy is more than a sirnple collec-
tion of tree cro$,ns: it cncompasses the living bi-
otic conponents within thcsc crowns as well as
the residues ofbiota, dead rvood, and abiotic com
poncnts such as atnospheric particulate matter
and gases. Forest canopies also "work"; that is
they function withil the ecosystem. onc examplc
being phobsynthesis-the conversion ol atmo-
'pher ic  c r rh , 'n  . rn ( l  l iFh l  .nc18)  lo  \uscr . .  r  p r i
mary product on which nrost of lifc on Earth de-
pends. Until recently,lbrest canopies have receivcd
litt le detailed attention because of the obvious
dii l icult ies of access. Ncw technologies that at:
lbrd access to the canop)' (Moftett and Lowman
1995) are helpin-u improve our knorvledge of this
complex subsystem and thus fi)stcr a nlore holis
tic ulderstanding of lbrest ecosystems.

The t'unctioning ol'forest canopies is impol-
tal]t to the tore\t ecosystcm as a whole. Processes
of indil idual tree crowns extend to and 1'rom the
roots, lrom the roots to thc soil. aDd throughout
the forest 11oor. Ecosystem lunctions of forcst
canopics includc photosynthesis; sexualrcproduc-
tion: l ight absorption. modil ication and shading:
nutrient cycl ing, atmosphcric-neteorological in
teraction: hydrologic i nteractions, and biological
diversity. ln this paper, we provide a brief over-
r  ieu  u l '  thc .e  ger re | r l  fune t i , ' n .  o l  [u re . l  c lno
p i . ' ' .  i  ' l l t ' u  e t l  b1  r  d  i : (u \ . ion  o l  tu  o  u  r  ique  ec ,  -

systems urban and riparian/vetland firrests-
that we bclicve deserve special reference.

Ecosystem Functions

Photosynthcsis is the primary function of lbrest
canopies (Holbrook and Lund 1995). Carbohy-
dr-ates produced by thc chemical fixatioD of car
bon dioxide in the presence of light become the
energetic basis of nrost forms of life. Within fbr-
c \ r  rco \ )  s tems.  ne t  p r imr ry  p r , ' Ju .  t i r  i t ;  i r , , ' n -
trolled by the rate of photosynthcsis and respira-
tion in the canopy, and the allocation of the
photosynthate to wood. resp ation, and metabolic
maintenance costs of othcr t issues and symbiotic
organisms (Wadng and Schlesinger 1985). The
process of photosynthesis in leaves. coltrols
matelial translers of water. carbon dioxide, and
pollutant uptirke between the forcst canopy and
the atmosphere. Thus. understanding photosyn
thesis at the scale of forest canopies provides in-
sight into productivity of forests. tbrcst hcalth,
and nutrienL and carbon cycling, from local to
globrl scales.

Scxual reproduction oftrees occurs in the tbr
est canopy. Growth and developnent of tlo$,ers
and cones, meiosis. genetic recombination. po1-
lination, t'eftilization, naturation of frurt aDd cones.
all occu in the canopy. Theretbre. the basic pro-
cesses which confol evolution and the success
of tree species is depenchnt on canopy ccology.

Forest canopics trbsorb and modify light, and
shadc thc forest floor The compositiol and stmc-
ture ofthe lbrest canopy inlluences these t'ertures
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(Canharn ct al. 1990, Canharn et al. 199'1. Parker
1995). u'hich has implications fir grou'th and
productivitv of understor) plaots. u'ithin canop!
photosynthesis, plant morphogencsis, and com-
munication belwccn animals and betrveen plants
rnd anjmals (Endler 1993). Shading influences
thc temperature of the tbrest f loor and the soil.
rvhich controis thc activity lates of soil microf'
lora and fauna and of dccomposition and nutri-
cn1  cyc l ing .

The physical and biological teatur-es oftbrest
canopies play an inportant role in the cycling of
nutrients. The canopy is a compiex structure that
provides a surtace lbr wet. dry and cloud water
deposition of nineral nutrients from thc atmo-
sphere. ancl the type of structure can influence
the r-ate of deposition (Lovett 1994). The biotic
t'ealurcs of thc forest canopy tunction to capture.
transtbrm, rd c,vcle lutrients wilhin thc canopv
as a complex and independent subsystem of the
u,hole lbrest (Cal:roll I 979. Edmonds et a]. I 99 l,
Coxson and Nadkarni 1995). Carroll (1979) has
describcd complex trophic structures in forest
canopies in Douglas-lir forcsts of the Cascade
Rangc in Ore-qon. based on studies ofthe flow of
n i l roeer r .  N i t rocen en le r .  thc  su$.1r tcnr  r i i r  J r -
mospheric dcposition. transpon fiom the soil. and
llxation in the canopy by cyanoJichens such as
LahLt  r r  a  t ' t i  ta t  n t .  M ic ro  ep iphy t  ie  f t rng i .  1  e : r r r . .
and bacteria on the surtaces of leaves and twigs
absorb and concentratc nitrogen deposited fiom
the atnrosphere or leached by cyano lichens. Thesc
micro epiphytes are thcrr grazcd by mites and other
invcnebrates. which are then consumed bv a host
of predators. Preditors in thc canopy also con-
sume the herbivores. The resulting trophic struc-
ture, sinri lar to that in streams or other ecosys-
tems. acts to conscrvc nutrients and enhance
productivity of the forest.

Coxson and Nadkarni (1995) have reviewed
the role of epiphytes in nutrienr cycling of t i)rest
. . rn , ,p ie . .  The l  l i . t  l l r c  rea .o l .  tha l  c rnop)  cp i
phltcs and other bit)ta can be impofiant compo
lelts of ecosysten funclion:

l) pools of nutdents and organic matter gen-
erated by epiphytes contained in the canopy
can be high. even exceeding host trce fit i-
agc;

2) the conlribution of epiphytes to complex
canopy structure ma\ cnhance wet and dry
deposition by increasing the physical arca

ofcanopy surfhces 1br impaction trncl sedi-
menlation, rnd bv increasilg the biolic
uptirke by rutriert efficienl (]piphytic plants:

3) frec-living and symbiotic biota in the canop)
can lix atmospheric nitrogen;

4) certain microbial activit ies (c.g. nitrif ica-
tion) in the canopy appear to be supprcssed.
relalivc to the fbrest floor. which tends Lo
lbster nutrients in a fonn that is less mo
bilc ancl leachable: and

5) pools of canopy held nutrients ale by no
melllrs static: nutnents move fronr the
canopy to thc other ecosysten menbers
by lbur routes: a) as l ittcrfall via abscis
sion and by "ridilg down" l 'al len branches
and wholc trees. which is subsequently nin-
eralized at variable rates. b) as cro$nwash
in the form of throughfall and stemflorv;
c) via herbivorl and predation ofcpiphytes
by vertebrates and invetebrates. and d) di-
rcctly to host trees via uptake by crnopy
roots.

The canopy component of forcsts plavs an
important role in thc hydrologic cycle as the pri
mary surtace tbr interaction with rain, fog, and
snow. In the Pacific Northwest, \\,here trees grow
largc. the canopy of a Douglas fir/western henr-
Iock forest ( Pseudot.\uga menziesii/Tsuga
heterophfllu) may hold 3 x 106liters/ha ofwater
(cquivalent to 3 cn] of precipitation) (Franklin et
al. l981), and sumrner throughtall averages 767.
ofgross precipitation (Rothachcr 1963). Much of
the water capturcd bv the canopy returns directly
to the atmosphere tluough evaporation. soil $,a-
ter reachcs the atmospherc through transpiration.
Fog drip, caused by condensation ofuind driven
u l , ' u J . , , n  c o n i l e r .  c a n  b e  r i g n i l ' i L r n r  i n  s o n r e
montanc fbrests. Harr (1982) found that gross
precipitation was greater in forests ofthe Bull Run
Wate$hed in the Cascade Range of Oregon than
clearcuts because of this condcnsation. aod the
cutting ofthc forests resulted in lower streanrt'low.

A major function of canopies in arcas of high
snowfall is thc interception and storage ol snow
and the release ofsnow as meltwatcror watervapor
(HaII 1986. Berris and HalT 1987). ln thc tran-
sient snow zone. where rain-on-snow events are
con-ulon. coniferous fi)rest canopies appear to
reduce the peak l1ows ofstream water comp ed
to clearcut areas and tunction as a buffer tbr the
ecosystem. reducing extremes of water rclease and
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thecrosion associated with then (Har 1986, Benis
and Har 1987).

The firrest canopy is a porous.l iving. mediun
that constantly interacts with the atmosphere, ex-
changing water, energy, and carbondioxide and
other gases. while absorbing wind energy, heat,
and radiation (Nadkarni 1994. Fitzjarald and
Moore 1995, Parker 1995). Waring and Schlesinger
( 1985) estimate that "the cquivalent of the entire
atmospheric content of carbondioxide passes
through the tefestrial biota every 7 years. with
about 70clc ofthe exchange occurrin-s through thc
forest ecosystems.' These interactions between
canopics and thc atmosphere inlluence microcli
nate in the lbrest stand, as rvell as local, regional,
and global climate. The structure and composi-
tion of the forest canopy controls the magnitude
of atmospheric interaction (Parker 1995).

Forest canopies control biological diversity by
physically dominating the potential substrates and
resources of the aboveground system, contdbut-
ing litter and woody debris to thc forcst floor,
and providing photosynthate that fuels the
belowground systen. BiologicaJ diversity in the
canopy (and elsewhere) is influenced by forest
cJnr ,p )  i rCe.  c "ml t r \ i l i t ,n .  a l ld  : ' l ruc lu re-  pJn icu-
larly in the coniferous forcsts ofthe Pacitic North-
west (Ffanklin et al. l98l). Epiphytes in Dou
glas-flr/western hemlock fbrests, tbr example,
appear to rcach highest biomass and dive$ity in
old growth fbrests, partly because the deep, ver-
tically stratif ied canopy has more complex and
heterogenous microclimatic conditions than
younger. cven-aged forests (Mccune 1993, Sillett
and Nejtl ich this issue). Wood decay and associ-
ated micro organisms reach thet greatest abun-
dance in old-growth canopies ( Parks and Shaw
this issuc). Microfungi act as parasites. symbionts,
and microepiphytes, the diversity of which re-
tlect thc diversity of potential subsffates (Stone
et al. this issue). Invertebrates, especially arthro-
pods, have more complex food webs and higher
species diverisity in older canopies (Winchester
and Ring this issue). Vefiebrates, such as arbo-
real mammals (Carey this issue). bats (Wunder
and Carey this issue), and birds (Sharye this is-
sue). t ind more diverse resources in older cano-
pres  rh r r )  in  )oung.  e \en  agcd c rnop ie ' .

Specialized Canopy Ecosystem
Functions

In the Pacific Nofthwest, we rccognizc two dis-
tinct ecosystems in which forest canopies have

functions unique from the typical terestrial cano
pies: urban and riparian/wetland. For example.
shade is a function of canopies in all these eco-
systems, but the effects of shading are diflerent.
ln urban areas, the canopy shades built surfaces.
resulting in Jess heat absorption and re-radiation,
and thus cools the environment and ameliorates
the heat sink effect by which urban areas con
tdbute to globirl wiuming. In riparian forests. shade
controls primary productivity in streams and the
temperaturc of water, which has a direct int-lu-
ence on fish production (Franklin et al. 1981). ln
terrestrial environments, shade fiom the fi)rgst
canopy directly controls the productivit)' of the
plants on the lbrest 1loor, which inlluences popu-
lations of herbivores.

Urban Forest Canopies

Because of a growing human population and ex-
prrnJing urbrn arcas. urbln f, 'rc.tr rre inerca.-
ingly impofiant both locally in the Pacific North
west and globally. For example, an estimated size
of the potential urban firrest. as the current areil
ofincorporated cities and towns, in a four county
area of western Washington (Whatcom. Skagit,
Snohomish, King), is 166,281 ha (6,19 square
miles). One hundred and fitiy years ago. this sane
area was relatively pdstine. The urban lbrest is
unique conpositionally. For example. Seattle has
more than 7,10 species and varieties of trees in
the urban area, but the original vegetation had
only about 29 species (Jacobson l989). The ex-
t remc d i re r . i t l  o l  t rce .  in  Lhe urbrn  arer  g i re .
urban planners and designers a plethora of op
tions in integrating trces into the urban envllon-
ment, and in a sense. engineering ecosystem func
tions of tbe urban fbrest.

The urb ln  enr  i ronment /ecos ls lem is  par t i c r l
larly important because of the direct inlluence on
human physical comfbn, health. and use of en-
ergy resources (Rowntree l986, McPherson and
Rowntree 1993, Nowak 1993). Urban torest cano-
pies (Figure 1) act to abate noise (Mecklenberg
et ai. 1972. Reethofand Heisler 1976, Mao et al.
i 993): chcck atmospheric contaminants (Smith
and Docincher l976); shade built sudaces. which
reduces the amount of ndiant energy absorbed,
stored, and radiated (McPherson and Rowntrcc
l993): modify microclimate (Federer l976, Heisler
and Herrington I 976. Oke, 1988. 1989, Wilmers
1990/199I . McPherson and Rowntree 1993. Mao
et al. 1993); ameliorate the wban heat sink effect:
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Figure L Charrcterislics of lhc urban torest canop]..

conserye energy (Heisler 1986. Wilmers 1990/
l991. McPherson and Rownrrec t993); ard in-
fluencc biological diversity of urban areas
(Ro$ rtrec 1986).

The moditication of microclimate, saving of
energy tesoutces. and arnelioration of urban heat
slnk are well-studicd ecosystem functions offor-
cst canopies . In addition to the cooJing effect of
shading. cvapotranspiration converts radiant en
ergy into lateDt energy. which reduces sensible
heat that wanns the air; air flow modification by
urban lbrest canopies affects transpoft and dit'fu-
sion of cnergy and u'ater vapor. Tentperatures in
greenspaces of buildings have been shown to be
as nuch as 3 degrees C coolcr than adjacent ar
eas outside the greenspace. and tenperature dit-
lerences of nrore thln 5 degrees C have been ob-
sen ed between cities and nore-vegehted suburban
aleas (McPherson and Ro$'ntree 1993).

Riparian/Wetland Forest Canopies
Riparian tbrests have receivecl considerablc at
tention fbr their inf' luencc on aquatic ecosvstems
(Salo and Cundy 1987, Raedke l98li. Gregory er
al. 1991. MacDonald er al. l99l ). Wirhrn rne same
tour-county area of western Washington viewed
for urban areas re 17.697 linear kilometers of
mapped streams and rivers (Nooksack. Skagit.
Salnish, StiLlagurtnish, Snohomish and the Lnke
Whshington/Cedar River warersheds). The esti-
nation of extent of the riparian forest is compli-
cated and depends in part on the classiflcation of
Intelmittent streants (S\\ 'anson et al. l9lJ2. Grc-
gory et al. l99l). To esrinare rhe size of rhe ri
panan fblest in this fbur county area. we hale
eslimated 100 nt on either side of the rivers and
streans as the riparian forest. which give about
353.93.1 ha.

Shade from riparian canopies (Figure 2). and
its affect on solar. radiation. has a najor influ-
ence on the aquatic environment (Swanson et al.
[982, Hawkins et a]. 1983. cregory et al. l99l).
Shade intlueuces stueam temperature. which in-
fluences the amount ofoxygen in the warel rates
ol deconposition. and activity ofstrcam anirnals.
Shade also influences primary productivity of
aquadc plants, thus aff'ecting net primary produc_
tirity of streams (Swanson et al. l982. Gregory
et al. 199l). Direct insolation in small scale open
ings in streans resulted in a higher density of
vertebrates presumably becausc of increased al
gae growth. increased grazing insects, and an
improved food supply for fish and salamanders
(Hawkins er al. 1983 ).

Allochthonous inputs into aquatic habitats are
primarilv controlled by the 1i)rest canopy. Litter
quantity and quality influence communities of
invertebrates, such as shredders (Swanson et al.
1982, Cummins et aJ. l989) and rhe food webs
lhc)  .p run .  Co i r rse  u , 'od)  inpu t .  in to  r l rear l
environments play an impoftant role in the struc-
tu re  o i  the  lqur r t i c  enr  i ronmenl .  c rea l in !  a  iom-
pler of pools, backwaters, ripples and eddics
(Swanson et al. 1982. Gregory et al. l99l).

As in other ecosystems. the age. structur.e. and
composition of riparian canopies directly influ_
cnce ecosystem lunctions (Swanson et al. 1982.
Hawkins ct al. 19132. 1983, Bilby 1988. Gregory
et al. 1991, Bilby and Bisson 1992). Cregory et
a l .  (199 l )  c i te  the  example  o f  dense,  low,

Shade influences on sream temperature

Shade influences on primary productiviiy

ligufe 2. Charactcrisrics ol lhe riparird/$cltrno rorcsr crnop)

Shaw and Bible



ovcrhrnging canopies greatly reducing l ight, yet
high, relativcly open canopies allow more l ight
to reach the strcam.

Riparian tirrest canopies contribute to biologic
diversity because the composition and structure
of these lbrests is olten distinct from adjaccnt
upland forests. Microclimatic conditrons assocr-
ated with l lowing water crcate distinct habitats,
and a natural "edge" is created by thc continual
disturbance to strcanrside vegetation. Epiphytic
communities may be ni e abundalrt and have mere
cyanoJichens (Sil lett and Nietl ich this issue), and
b i r  L l  ( r , rnmun i l  ie \  ! l l .o  r ( .pond lo  lhe  u  n  iqu( .  \  ee-
etation and habilats (Sharpe this issue).
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