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resultant tree is a stick-figure shape— there 18 no thickness 10 the sey

Many aspects of tree physiology, epiphvie ecology, and stand-level Torest dynamics can greatly
benefit from whole-tree estimates ol surface area, wood volume, and baooess, Surface arca osti-
mutes are needed o determine carbon production for trees wath photosynthetic bark and o esp-
mate epiphyte habitat with tree crowns Pike et al, 1977 Lyvons et al, Ny Ellvson and Sillen
2005 Although mest conifers ciorry much of their volume within a single stem, others— along
with most angiosperm trees— contain much of ther wood volume i branches within the crown
I assess these accurately requires knowing branch diameters within the tree, an extremely dils
heult sk from the ground or even from the gondola of a crand

Biomass estimates in forests require quantification of componenis such as trunks, branches,
and fohlage. In wmll-stature forests, this hos been accomplished by felling one 0 many trees o

amples, While the crovms ol large trees are destroved me the felling process, o small propoion

of branches may be relatively undamaged. These can often e sullicent 10 develop regressio

Lt (THE TR lor vanous coimponents with the crovm, but ot for whole-tree estimuates

Forest ecoloqmsts need a COMTIIT hiertisnve, tionbestroctive -.|||||.f|.'|-.; regtme i olin accutke

whicrhe=tree esfunales 0 i= ety for any orest e I thes chapier, Wi e A thirees
hl [ 31D f f I In 1l hag proy |

1ererd AP h o abtam 3=-1) stroctural informaton n forests

|. Stand Mapping: To gain informanon on the forest as a whole and o put individual wees
in a stand-scale perspective;

Crown Mapping: To gain detaled 3-1) information on mdividual trees; and

i. Analyses: o wale up from sulsamples 1o whole-tree and stand levels

We fnllow this protweol with a case study comparing two very il but strocturally dissimili
forests: o Ewcalppliny reomone forest in southern Australin and 8 Poadotiggn menzeen forest in the
Macific Northwest of North America. We present this companson to illustrate the power and

-|'.1.| ity ol I!|| a0 i ':||l.||I|l S TNy o which iare |~|":I|'._ s :'I1-"l{ here lor the |.ll*-= LI

3-D Structural Mapping Protocol for Forests

Stand Mapping

Site selecnon vancs greathy with study obyectives In our work '-.II1I|lil arcas al cach aie wen

located in large, relatively lat Blocks of fovest with plot boundanes: located well away [rom clear-

ol edpes Lo |'j|.| il ..r|1|.||:|u|||:-_- ISdCIors Sphich as @i |ul milluences, sl anl AR | [Iil wllv, cach

IR

potential study site has geographic information svaem (GIS) and/or aerial photos avadlabil

Sunds are discrete, homogencous blocks of forests that are defined locally. In coniferons foress
-.-:_-un-i-- e aften E1||'.'|I:ri.:|.-|| from aenal ||h-:1--- i even o I.1'.|| il satellne LTy |I| -II|||I Irprveals
this mav have to be done through pround-based reconnaissance. Stand boundanes are obtained

or gencrati o using GIS, and the resulting GlS-generated |-|||.._I|-.'.- wre wsed as the study siwe

At each site, ranscois are thi S| e umits andd are used as o [:lill ates, Maximuam tree he erhit
messurcd durng  reconnalssance 5 wed o determine ransect size.  Transects must be farge
enough o capture the stanch=level vanalmbity bt small enough o maxemee clficency. The tran-
soct dimensions are 3 2 0.8 omes the dominamt wee hetght, ollowing Koper (1994 and Van
Pelt (1995). For example, a stand in which the dominan tree height s 50 m is sampled by 150
m X 15 m transects. The oumber of trunsects used at a given site will vary depending on
resources and tme, but theee or four asually sulfic I ransiccts are located inside stand |Ill|‘\. s
with random starting pomnts and directions. These are then located on the ground using GPS

and surveved in with rebar at the recorded o ”'l'r""""'
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it the \ metnic tape is siretched down the eenter of the plot and staked at cither end with: reba
Ay i'l"-l il -'|".|-| W, -|n| Errater T O microepaco DY D LW 1% T asureo \L||.| iremen

Pratly My incine speci chiimcter, diccay clas e length, and beginning and end poines whee

} Tl gch log micrsects the tapw Inameter 15 measur 1 perpencicular to the central axs of the Toe at

b all- he mterception poimt. These data are used 1w caloalare log volume in the entir plot [Harmwmn
aille1 t-al. 1986

along Sltrubs are sampled i a subplot centered on the whals
LTI hat of the wh be palest (1 LS v the mean bewht of canopy  dosrdnam by T T | M-yl
I chif- sl dameter il heweht can be recorded o Turual Al iree with dliaret: il breast hmghi
DBH! less than 5 om and waller than 50 am DBH (rather than basal diameter ¢ revomded fro
thies larpe shruls

b lin All trees withan the plot greater than 5 em in diameter )

i WCIE i e | miras-
FEican ired for DBH. The DBH is measured st 1.37 m above the higl pount of ground (Le.. groun
LRI L N .||i- | sache of th e '!:- SIS tatus dive or s anl il T lenndi Linre

i laeer ar el !Il-l each stem |'|| el I | temm, tha [T hi LA CRST oI Wwiweern the cen

it ter ol the stem and tl tape 1§ recor bl as the Y value, (O e of the tapx

ree- positive Y valbue he other o hove negatve. The value on the e perpendicular 1o the centes

i of the stem 18 recorded as the X value. Compasses are set perpendicular 1o the direction of the
k- I ansec) o mantun accuracy in the Y value measuremenis

Datn sheers and a stem map an propared [rom these imtial measurements for double-chies

ne m the field. Thi URSIC)) Process 1]

it LU Ty wnt, A lager range finder (e J|||:.;|. MIUMLE. Laser Technologne In ix useil o

measure total tree heights and hetehts of crown ba The rrown base 1 clefined the
il bowe which bving foliage surmounds more than one-third of the trunk. ( n raddii a wea
L ured from the center of the trunk 1o the up ol the long Iving branch, For laree [
il with highly assmmetnel cronans, eighit or more rachi must be measured e racliu i 1 Ch

sl chirecton sullices Tor most 1rees

In each stand, a subser of trees of each species 1 hosen o steny volugme e nsure et

ranckim -.|--|__-|- must inclode the full rmnge of tres v survey Lser i used o measure trunk

diameters every 3 m alomg the entre stem cse i are used 1o ||E-_-|-;.|-..| thie viallectedd

during cromn mapping (see below) o develop regression equations that predict unk volum

from height and DDEH. In the case of trees with Lurpe butiresses. basal maps must be g
Y for each stem o be converted (o a lunctional diameter (see the Analvaes sectio

=

i Crown Mapping

il Very tall trees in edd-gromaith Torests are acoessed via

b rrows are tod o fishing Mlament (4= o 20b test), which is anached 10 @

4 front of the bow. Il the shot misses;, or the armmow goes over undesired or unsafe branches

A+ imow 1= Jowered (o the ground, untied, and the fliment retrieved

i Alter a successful shot, the flament is wsed w pull a ovlon line ollowed by a dimbing

£ % mm) over the branches. When both ends of the rops an une, one end of the rop

] inchored with a knot and the other end s climbed via snele e techmgue (Perry 1978
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ground along two clear paths on opposite sides of the crown.. By double-tving the midpoint ol
the rope above the pulley, a team of two climbers can gain access 10 all parts of the crown for
recording data. Between climbing sessions, the rope s replaced by the nylon cord

A metnic tape s streiched from average ground level w the rectop. Il the ape cannot be
anchored on the ground, it s ted o a nearby tree or shrub at the proper height. Metal tags are
attached o the main trunk at 5-m imtervads for use as lumre benchmarks i betght measurements
of runks, imbs, and branches once the mctn L has been removed, The tree’s womml hoght &
recorded 1o the nearest decimeter, and maun trunk diameters are measured at each e, Near the
e il [.g:l_[r trees, additional diameters are olten pecded for accurate estunaton of wood volumse

Renerated mrunks are defined s accesory trunks ansing from the main trunk, other reiter-
ated trunks, or limbs (Sillett 199%: Sillent and Van Pelt 20000, They are vertically oriented stema
with their own branches and are architecturally indistinguishable from (reestanding rees except
for their locations within the crown of the larger, supporting tree. This follows the termanology
ol Hallé et al. (1978), but in the narrow sense of usang this term only for complete reiterations
lhl' 1|.-I|u-.1.1ny_ lL|1..| am ||'|t||'|1| r| |||r 1';|.i'|'| reierle l.! |[I|I|l\ P-.:-.ql ||I.|r'|ll'll T s hl':l".'_l'll. Isise 1111-
tance; base ammmuth, wp beight, wp distance, and 1op ammuth. Ihstances and azimuths are rel-
erenced o the center of the main vrunk. If the reiteration s more than 5 m @ll, or i there an
structural anomabies, additional dimerers, distances, and azmmuths are meassured

Limbs are defined as large branches thar anse from the main runk and @ve nse o reiterated
trunks. They consist ol limb segments, and they terminate in other mb segments or reiterated
II1|||i.,\ th:h |'| SCOPITICTILS AT |Ir'l'|r|- d ax accessithile sections ol LJ:'_:I branches I|!I.Il arse Troam U
main trunk and give rse 1o other branch segments or branches, Limbs behave differently from
II|.|||\||II- “h\ |.|u|||.|_-54 ,|“\ .||_|l:| e Ill.lj\ L|1rr -~z'|l1||,qr-' il IL||:.|. \|:||.l1~ "-ll'.l.: Illll*.l SCEmnenits ..|.|Il.|
branch segments reeeive the same mewsurements: the diameter st ecach emnd s measured as well
ay the hewght, distance, and azimuth of each end. Smaller branches can also anse along the length
il a I'-l.1||.: |'| segmient, .IIII |.||:|._':='r h:'.ll:: hi=s .I'|'|1| I|'I1IIL= 'n-i” CaA s 1||1" 1||.III- h s« TR e |1HI|'||1':
it additional segments.

Limib segments, branch segments, and branches are named according o their ongms. For
example, a branch consists of two segments and four branches (see Figure 3-1). The first branch
seament 18 named M-1 becavse i arses from the main vunk (M), Branch semmem M- gives ris

1o bimnches 101 and 104 as well as branch segment -2 The onoemn of branch 100 35 hsted a5 | on

the data sheet because it arises from the distal end of branch segment M-1. Branch sepmem |-2-

rives rise to two branches, 102 and 103, Thetr ongins are lsted as 2 on the data sheet because they

arse om the distal end ol beanch sepTTenil l- Ih.llll h 104 is too small to dellect the branch s -
ment significanty, so its origin 15 hsted as M-1 on the data sheet. To know exactly where branch
104 ornmnates, the distance alonye the branch segmemt M-1 i also recorded on the data sheet

Each branch receives a unique number within a given tree [ he following measurements an
mken for each branch greater than 2 em in diameters basal height, basal diometer, estension (i
slope-corrected  horizontal distunce from trunk 1w branch opl, percemt folmted, samuth from
trunk, overall slope, and curvature, Cverall slope s measured in degroes, positive (up) or nega-
tve (down), in five-degree increments. A twosletter code s used W further describe curvature
Ihe first Jetter refers to the shape of the portion of the branch near the trunk, and the second
tr'llq't relers i H:u' \||.|1|1' |-1 thie rest of l1l1' |:-I.|I|| h Ih- re are threo ||III|'I| i1 I[l"i:_"ll..1||llll'\- Ly
orthotropic, upward tending, G = geotropic, downwarnd ending, and N = neurral), resulting i
nine possible codes (see Figure 3.2

Each branch i classed as either original or epicormic. Chginal branches bre those lormed
when the trectop was ot the hedght ol the branch (e, piths of onginal branches are continu-

ous with the pith of the trunk |:_p|u-r|||:1 branches are those formed below the top ol the tree

i.e., they ongmated from the cambium). However, the process of epicormic branching often

Figure 3-1 1Mo
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Figure 3-2 [Magrmms of the nine poessibie ) h-shape desterniatic M frm Jettee relens e buasad hall oof dhw
wamnch and s comd letier 1 I e 1 [ thie bran al nhotropdc o upward wending. G = geotrop
i ideds o il derichiag [ ™= LT

for dissection (see the Analyses section belowl. Trees in which the foliage on branches is sampled
via foliar uniis do not neéed o have the percent loliated number recorded

Fhe spread, dipth, and centroid of foliage on each branch are also estimated 1o improve visg-
alizations and modeling of the crown mapping data since the foliage may not be centered on the
branch. Spread is the greatest widhh of fobhage associated with a branch in a horzontal plane
perpendicular to the branch azimuth. Depth is the greatest length of loliage in a verucal plane
IThe centroad 15 the center of mass of all folinge asociared with a single branch. s locaton s
defined m three dimensions by reconding s height, distance, and azmuoth relaove © the mam
Nk

!:.- account fol .||.] ol thie |ll]|.l'_'l. o a wree, i |lIIEIIl,: leavies on b ||4'\ loss I:II i 2

cimn 'in
diameter. hve branches in 0 1o | and 1 o ? em diameter classes are counted in 5 m ||_|-'|l_:||l: L=
vals throughout the erown. In the case of o pHCCrTIic hranch systems, these are oiven the branch
number and height of thar svsiem. These data can be further relined by esumanng the numbes
ol folir unmits of these ymall branches ageregated by height intervals

As mentoned abine, trees with complex branches have a -I1I-..l.|'|'lll|l of fodur s removed
ancl |l|!ll||-,_’JiI iy the laboratory for dissection, This will result nougEh pdormaion b o llll:li'lEl Lo
withim=tree and hetwern-tres COMTITISO0TS For trees wath ~||||:i||l branches, this 18 now |t|:.||.‘.'.|..|F
Whale branches are very lamge m comparnson to foliar umits, so that the same amount of removal
would be destructive 1o the forest and present a nearly insurmountable sk i the aborawry. In
i'||-| W INELnOes, o --||||--| ik |r:.||'|| hl'- I% remove lf Ironm the set of trees ol Ihl sl '-||-| s 1 l:hr

stand, 8o that the full snge of branch sizes 8 sampled

Analyses

I'rees measured in the field with a laser as well as trees climbed and directly mensured are used
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b |||-‘ WOTT TIICRSILTT el 11 ||||' |'|1 |r* PERTESSION Imitis! I ||-\..--.| |.Iu|1 ||. ||.-.i1 i '..|II_1|-|.| % AN ir|| |||.|||
branch diameter, branch extension, branch height, and/or peereent foliated. The I"""'iII inr cfua-
mon is applied 1o all of the branches within a tree that were not destructively sampled o derive

a whole-tree estumaite

Ohiee the tree-based estimates of branch and reiterntion volume, foliage biomass; and leal ana
are known For all of the mapped trees, we can estiuma them (or the remaining trees thal were
not climbed 1o derive stand-level estimates uang muluple, stepwise regression For each specics,
potential variables indude DBH, height, crown depth, crown dameter, maximum crown ravchiu,

!Il'l'.;|.l i CTmawm l._-|1.| . W |-:|L'|-II||::. area, ..:|l| CHEAATh 'n'-IIIIIII

Case Studies in Two Tall Forests

We selected two contrasting old-growth forest stands for detadled study, one i Victona, Austrahia
Wallaby Creek). and one in Washington Stie, United States (Cedar Flars), These stands are
similar in stature, but they differ greatly in composition and structure. We established 270 x 27
m plots at each site. Stem maps were made and double-checked prior to climbing any trees

Site Descriptions
Wallaby Creek |ocaicd in Kinglake Natonal Park, the Wallaby Creek forest straddles. the
Hume Plateau and helps supply the oy ol Melbourne with high-gquality fresh water (see | abile
1% There s strong interest in maintaining old-growth forest on the Platean. Most of the old-
growth Ewcalyptey forests in Victona have long been lelled, bat the umigue situation ol this st
hais allowved it 1o persist It mow stands as the wllew angrosp rn=clomuinuted  forest in the woird
Ihe forest is 202 yvears old, having originated afier a catstrophic fire (Ashion 2000), and 1s dom-
inated by one tree specics, B, sgnant (see Figure 523 At least 26 trees over 85 m and at least

twor over 90 m tall occur here. A Nothofans/ Atherosperma rainforest mdesiory, whach s present m

many of the Fasmanian £ memans forests, s not present here, Instead, Paadens aspera, (Heana

refeca) form o demse understony

agrophylin, and ree-ferns (egg, Cratwa ausfraln and Ihikson

along with occasional Acada trees (L deafbate and A, mefamoxyfon

We climbed and mapped mine trees at Wallaby Creck Ihe selected trees represented the full

array of sizes and crown stroctures, which allowed us o extrapolate 1o the entire stand. The.

extremely dense understory foreed us to alter our standard protocol. Rather than uniformly sam-

1||| the entire plot, a 20 percent -1,|||u!||.|.|: 270 % 5.4 m) was wsed for the Pamagerrn and O
Ifl

has an casv-toerecognize [oliar unit due w0 s fast growth and short leal lile (18 months 13

component. A complete inventory wias made of tree ferns over the entire plot. Faealyfit regne

Ashion, personal comm Similar foliar units were used [or the Powaderris and (Mamia shrub-trees

Table 3-1 Summary of Site Characterstics”

Precigatmnis (Rl
Laniiumls Flevanon b —_— Vemge
S Laseeitiah i 1 ) LY St 5 wla Vil A
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Creck 145 |17 E
Cedda WG 07 N ki %L F il i 144 9
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hewght ol this tr
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these were counted from the ground. For tree fems, we counted all ve (ronds on each ol the
b individuals within the plot
We also '{li.lllrlli"-i whiole=tr surface arca. The annoal extolavon of bark of Escalybis re
mons illows Tight 1o penetrate through the very thun bark e the E|||..r| syiithetically active bark
which presumably supplements foliar photosynthesis. Near its basie, the main trunk retains thick
bark, whach provects o rom low-=level fires. This thack bark extends ondy o the level of the shrab-
tree undcerstory belore giving wav to the thin, smooth bark of the upper tres We mewsured the

hetghit ol this trransinon on each tre




Cedar Flats  Located in the Gillord Pinchot Natonal Forest, the Ceda Flats Research Natural

Ares comit
Miountoins see able 4=1 I'he site was on 51||.l|||'. e todd hor its represeniaiinn il r':i!f_'rn frlrranda

ns one of the finest Prendotiea monzienr - dommated  forests remaining i the Cascade

i horests surround the

G- v G50verr-old P mwmciennd Togge Heleroph

swamps, hul magnifi
ST | s are among the lnrgest and wallest known forests in the Pacific Northwest of Morth
America, with individual Pomdoiage up 1o ) m tall and 360 cm o dimeter (see Fizure 5-4
Thiga plicate is o common assaciale, e there is a nch shrub/ fernd herb/moss undemstory topped
biv Aeer crretnatym, Crowns of the Larpe comlers syt TE i'l|".|-'.|l' corrmmnnites dommated by
lichens and bryophyies

We climbed and mapped 17 trees ol all three dominam tree spocies (10 Puelotuga, 4 T,
and 3 Thaa'. The foliar unit in P seziesd was a 3= 0 4-cm diameter branchlet, whose shape vars

i along the vertical gradicnt. Fobiar units in the upper crown were more compact anid dens

than those in the lower crown, Because nearly all Thge plicate and Toaga heteroplylls hranches had

SHmpe A hitecture, basic bhranch mcasuremeits wene ad Ot for foliaee estomation in these trees

Resulis

Baxic Stand Comparizons Basic stand-level information was summarized for all of the tre
SIS [T nt on th ||||-r. lalloswed by samimares ol the dormimant HHTHS, E PRI and P. mo
sestt (see Table 320 Although the density and basal area ol F. meniziem weire only abou hall s
[} 1 as f TR TN, thes mean |1:|.|1||,|, e, L |_"|1|-_ .l.||||! thetr -||-| Cin =|..I'Il'|.ll'{ |=r VIALLONLS WeTe sin=
:|,|| !||| ||'._.;_|1 s r||1.|.| |_"|H|. Friie [P R ALY L || I||- Wi lodrsls wils .||||I|J..|.\|:l|.| Lk ".:'.I .|!I\J'J|| © -lf Lres
crowtis in the mid-story canopy st Wallabw Creek, The abundance of the small shrub-trees o
Wallaby Creek reduces the mean DBH to & value 15 em smaller than the mean DBH at Cediar
Flats, while increasing its standard deviation (see Table 3-20. A similar phenomenon occurred with

tree height, although the presence of a tall miadstory provided a more even chatmbition ol tree

heiwhes at Cedar Fluts, where the standard deviation of heighit was less than the mean

Ihese differences in stem number, basal arca, and the presence or absence of a mid-story
canopy were clearly evident in the prunk diametes distributions of the two forests (see Figure 3-5
Ihe presence of a dominant g hesernplyfln component at the Cedar Flats siw fills the moad-
siory whereas the large diameter Thupe plicats somewhat compensated for the difference in den-

sity of the large trees

Mapped Tree Comparisons While on ropes, a total of 51,371 measurements were taken on
t 5341 braniches, 194 hmb seements, and 125 reiterated trunks on the 26 ll|.|;||Hlf (rees in this
stucy (see Table 5350 Al tree heights were measured from the ground, but the final number
|-_'|r.-|1||| 15 that ebtaned by direct climlbang and measurng Due o the e !|||u|tlc s nsed o
megsure tree hetght and the additonal advantage of having lasers the difference between the
eround-based estimates and actual tree heights was smmall (1.2 percent erron

Clipped foliar units were wsed o denve the whole-tree foliage biomuss estimates for E g
nans and P mewsen. Fohage omass on ithe fohar wmis of E regnons averaged 274 g sl Jud

95 while the foliar units of P omesswen averaged 297 ¢ (sd oD & n W I'he erowns

& n
on some of the P merzies trees at Cedar Flas are among the largest known for that species. A
._.;||1p il owver S0 L'._' il |-|i|.1|_"n |-|.|||;|.|_-.w. L] R | '|I'|:;| ree 18 nd .|l|-~ twiere Uit |I!l'-||ll'\|"'i'| -'P' -J'Zl‘l

|'1|\.| el al 197 7. Six ol I||| e trees climbed had 'u.I|I||- aver 3N L'.." Lo ].I‘I'l' -3

I Tidiar hiomass of T Aeteropliplls and Thga plivete were estimated from whale branch sam-

s |E.l I|IIII||I- r ol collected branches on these twio & WAN e srrwall to chimwy |1I|| b |I-|-.I'-"I|
extimmuates of oliage biomass, = dita from branches we collected were supplemented with previoishy
published data and equations from [ Bed trees (Brown 1976, 1978; Sncll and Anholt 1981; Snell

and Max 1985 Means et al. 1Y%

Figure 3-4 |

peplle. Mote the ab
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- Evcalyplus régnans

B Acacia spp

- Cynthea australis

I .Cluuqm antarchca
| Pomaderrs aspera

Oleana agrophyia

y W

<5 10 20 30 40 50 100 125 150 176 200 225 250 275 300 335

Cedar Flats i Pspudotsuga menziesi

- Thuja plcata

- Tsuga heterophyla
1.000 —_—

| Acer circinatum

Numbers per hectarn
=

<5 10 20 30 40 S50 7S5 100 125 150 175 200 WS 250 IS 00 325

Diamater (cm)

FL‘EU‘I‘H35 Diamreier distnbution of trees 61 the vwn sites. The Yeaxin s logamihomc. Mote the ek of mediimeared
i Wa y LaIrek

I'o determine whole-tree surface area on E. remans, componenl arcias were « aleulated on all

of the manks, hmbs, and branches, ' The lowes portion ol the mann trunk covered with thick bark

was excluded from these caleulagons. The surface area per foliar unit was multiplied by the total
foliar unit count and then added o the remainder of the ree © come upr with whole<tree esti-
mates of surface area (see Table 3-3).

Visualizations PFyvery measurement taken within the crowns was done i a -.1._|||_.|i COontext s
st FMicalvpius - and
Pocwedal ] within thas stuchy were e p._-.:l'-:i using all of the height, dinmeter, and extension data

for trunks, reiterated trunks, limbs, branch segments, and branches to show these capabilities

1-1) wvisuahrations wer ;|.n-.||1'|| I'wo [ :|u'r|_-|i-||i - views ol the lare

see | e G-t

tatistics of the Mapped Treas from the Two Old-growth Sites®

5

Sumimary

Tabile 3-3
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The 3D tee maps were used (o ha Ip prepare a stancl |rJ|-|5|I- drawing for each site. These
were combined with locaton data [rom the stem map, all ol the ground-based tree measure-
ments. and detuiled sketches and photos made on site (see Figure 3-7). The wadth of the tran-
sect was partly chosen for s uselulness o tand 'I-I file visualizations, allowimng reasonahble
Mustrations of stem density, tree height, and (orm. Using the stem map data, we cone

Lrik e cormparatine -'||.|I:.x III|.||.1|!I!I._' CTuwW projed tons [or the twih siles [(see ]".JJ!: 1

Scaling Up to Stand Level Once whole-tree estimates of branch and resteration volume, [uliage
biomass. and leal area were caloulated, we were then able (o estimate (via regression) these quan-
tities for the remaining trees that were not climbed (o derive stand totals (see Table 3-4). Mapped
tree hases for Escalypiis provided the data needed 1o caleulate functonal DBH from measured
DBH i¢* L4953, n 14 The volume of the main trunk. branches, and hmbs were then est-
maied from the results (7 .978. n 14: & 0822 n 9. Bark surface arca (that portion
ibeve the thick=barked base) was also estimated at the stand-level. The thin-bark portion of
Eucalypius in the forest was nearly ome-quarter the surface area ol the leave he values for votal
winsd volume and folinge biomass lor the I repmans loresd are thie lighest recorded for Austraha
and are only I\.-I-I'.'-.l| o be exceeded by soime f' T g T andl Al PR orcsls 1 the l".l-.i1§.
Northwest of North Amernica, as well as many Seguota semperverens Torests in coastal California (Van
Pelt and Franklin 2000, Sawver et al. 2000

At Cedar Flats. the wood volume for |.|j|tl__|illh'-\.| trees was prodicted from regression sgua-

" i 5 i 2l ok ¥ ¥ Chai 17} i ] N
tioms based on height and diameter (P meziens o 0.949 n §2: T. placata r 0.956, n = 23

I, heter I'-."' a1 97, 581 Foliage biomass estimules were regresss on crown volume
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*CANOPY TREKKING": A GROUND-INDEPENDENT, ROPE-BASED METHOD FOR
HORIZONTAL MOVEMENT THROUGH FOREST CANOPIES

Roman Dial, Stephen C. Sillett. and Jim C, Spickier
.IILi"u. ATV U .|:|-|'-"_ Chmioaecl imtor L ||||I|'||"- I-.l' T H '--||||H'|i Ty TTWOY |'|"I LEEY 1|'||'r*
mavin® a Iew moiers ITLAN be o an I|||I T e T IMEAYVERE YOI ACTON INne onimnn [ iesl
CAaLRTy The « iy Tl Halle [19EN) vl Perry and Willuums 1981, cranes (Shaw
this volume), booms (Ashton 1995, walkways (see Chaprer 230, and zip-lines (Chapter 25
are all realizanons of this wish for hormzontal freedom within forest canopies. Unformunately,
all of these techmgues are expensive with regard o both tme and money, are sometonies
cumbersinne and elaborate, and are I wentially harmiful o the CAnopy Wi wish 1o study.,
What manv ol us really want = the indmnidual freedom o go where we want and o leave
1|1I:' braiin ol o [EREEHTRL

I

The first bant of ™ hased horzontal movement came with Xprrsure 1 whonst tech-

mivques for moving within cromms amnd between orees (Dhal and Tolwn 1994 Jepson 2000

Figure 1




“CANOPY TREKKING"-cont'd

——

Because these technigues use a moving rope rathes than single rope echmgque (revicwed

Lowman and Wiktman 1996), chmbers can move through

v MolTett and Lowman 1995;
or even davs moany

the canopy pulling their ropes along with them, moving for hours
direction they can situate their ropes

Ihe principal objective in rope-based honzontal movement through a canopy 15 1o place

a chimbing rope from one limb across the top of a second limb and to retneve the rope

the second fimb and back to the climber at the first imb. Then the rope can

froum uncler
climber 1o move horzontally from th {irst 1y the secotd Tl

be anchored, allowimg the

I'he process of actually minving between limbs is straightforward, and several technigques

used (Dial and Tobin 1994; Smith and Padeett 199G, What is more problematic |

LAl I‘-"
over the second limb and (2} retreve it from undes the

is how 1o (1) met the chmbang T

second himb.

Sillett and his students st Humbaldt State University working with imventor Tam Ness

camec up with a fist-skeed mini-grapnel atached 0 fly-fishing line for retneving throw bags

This technigue described by Ellyson and Sillew (2000 s suntable

tossedd onven ilistiani :.1II|}'-
r than 10 m, we employ nething called

¥ :
jor distances bess than 10 m For distances greats

the “maic missite™ [see Figure 10 The miuge missile is & fberploss arvow tpped with re-

curved tines and a backward pointing barh fireel from a 150-pound pull crosshow 1 H
missale 1 ted 1o fshing line fed from & « rosshow-monnted gpinming e L.
4 throw bag line up w 40 m away, We have applied the tec hidcpue for

Clalifinmia conilers and

Ihis setup can be

usedd Lo rebraeve
greater than 500 m horzental movement through tall canopies
huarchwond Torests in Borneo and Austrahio Weintraub 2003

While orangutans, gibbons, and spider monkeys still mock our tec hinicque,
o the ideal of wial freedom of movement that is low

it s bring

and movement closer

TRy i

i weight, cost, and impact 1o the forest envaronment
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68 Ikt Fan P, Stephon € Salleit, and Nafme M. Sadharm

lume, branch volume, and reiteration volume 10 firel the

crown hewght DBF., he |_._'_!|1 wisesd

|||:"~|-|.|I P dirtors For P. mmZwan sl ||I1'||.!| PO WHE Crowin viorllume and b ratio of b h
plus reiteration volume to trunk volume, For T. plesia, 1t was DBH, height, and crown height
Far T. heteropfyila, vl was DBH and the raun of crown herght 1o tree heaght

Lismg the L'_Illllllli-l'\-'.l.'l-1 micasurements ol the crown lscation of mdividual trees the known
distribution of the climbed trees and the foliage biimass estmates o1 all of the recs, we

setimated the vertical distnibubon of foliage hinmass by troe specics fior the two sles on o per
heviare basis (see Figure 5-3 [his was accomjplished by culeulating how much of the crown of
each tree will be present al & gven height for each 2 m heght mte mal. Bused on the crown
shape chosen for a given tree (eg., panibolmd and cone), the proportion of its crown volume wits
LN B e into 2em segmients, based on the wotal crowi height, then sumimed and converted o

per=Heciane i Makls
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Discussion
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have a canopy crane, walkway, or other expensive, permanent structure. The nondistructive
nature of the protocol allows trees at virsally any location o be considered. The resulting

tatpsers vield informaton on the 3-1 structure of a Torest, including fohage biomass, leal area,

bark surface area, and wood volume. They allow quantificavon of vertical and horzonial distn-

butons of these vanables a1 whole-tree and stand levels,

Ihere are, however, a few disadvanages w our protocol. Chief among them s the need for
tree chmbers expenienced i the use of nondestructive, arbonst-stvle rope techmiques I'he imitkal
Agring of study trees is particularly difficult for novices. Thus, research budgets must inchode
funds for experienced climbers 1o rig the trees and train others in sale rope technigue. Without
proper care, foot traffic and moving oS involved in tree climbing also have a negative impact
on tree surfaces, cspecially delicate epiphytes, This damage can be minimized by the use of sofi-
wiled shoes and combium savers (see Jepson 20000,

Ancther disachantage of our protocol is a bias toward trees that are safe 1o elimb, Dving anxd
excessively leaning trees are oo dangerous and can only be accessed from traverse. ropes sis-
pended between sturdy surrounding trees. Thus, our protocol should not be used 1o study declin.
mg forests contaiming many harardous rees

Not only do the methods presented here give an accurate assessment of the amount of foliage
of individhoal rees, but they also vield stand totals, These can be converted into total leal nums
ber or leal surface area, which are useful for analvzing canopy-ammosphere  interactions
Baldocchi et al. 2000), as well as nutrient and gas exchange estimatons (Martin et al. 2001

Ihe strength of our mapping protocol for large rees lies in s smplicity. In thas case study,
we cffectively mapped two tall forests with widely differing architectures. The key is quantifica-
tion of each major structural component of tree crowns—including the main trunk, reiterated
trunks, imbs, branches, and foliar units—and cataloguing these components in a 3-D framework,
From this perspective, the differences between the architecture ol comfers and angosperms

become trivial; even a banvan (e.g., Fiewr bengadeniis) is mappahble using these techniques
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