
10 

MAI1'o'TAiililNG A I'ERMANE.''T I'I.OT DATA BASE t'OR GROWTH AND YIF.LD 
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ABSTRACl 

Metl1ods for solving snme recurring problems of maintaining a pennanent plot data base for 
g_ro'Ntb and yield reseuch are described. These 1nc:thods include documenting data from divet'Se: 
s.ource::s in a common d•a base. documenting di-.·ccse satnpling designs, changing sampling 
designs, <hanging field pro<edur<S, 1nd coonlinotlng activitie.l in tile plot< with the lind 
management agency. Managing J pe-rmanent plut daltl ba.'i:e (including plot recruitment. 
maintenance. and replacement) over a long time frame for norchern Roclcy Mountain ecosystems 
h:IS been the impetus for d<veloping these mett.odologies. We have assembled a pennanent plot 
d>ta bas< by ao::epting raponsibility for mairuenance of plou initially installed for silviculrunl 
experimenu of a limited duration. This approa<h eonttasts with the ideal ono, in whic:b plou 
would be in.<talled aod maintained to randomly sample different t.reatments and site typ~. 
Unfortunately, tile ideal approach has the great disadvantage of requiring along wait before dau 
are available for anol)'Sis. Older plots allow immcdillte use or some growtll and mortality dlta, a 
deuiled description of treatment history, and the opportunity to 5elect only those plots needed 10 
fill data gaps. Concenu related to umple stand selection arc dl!cussed. The$e methods may 
provide euidance for others who are initially installing plots for ¥rowtll and yield research. 

Keywords: sampling, uperimen~al plou. expm rnental design 

INTRODUCliO N 

Managing a network of permanent plots, "obicll includ .. recruiting, maintaining, and replacing 
plots, and tlltir dau is a vital oomponent of growtll and yield ro.earcll . A permanent plot I• 
defined here as a longootcrm plot wheN numbeted trees are measured at successive time intervals 
to monitor growth and development. Though it is po.ssible to Obtain gmwtll dau from 1Dcremen1 
oores or stem anal)~is from trees on temporary plots (plots on "'hicb trees are only measured 
one~). permanent plots are needed to obtain reliilble mortality data. The morulity comp<>ncnt 
rypically comprises a major portion of the error in growth and yield model predictions (1$ muc:b 
as 80% in the l'rognosis model; Sta,e and Renn« 1988). Perm.111ent plots are also needed for 
forest inventO<ies. altllouch this pap« discusses their usc in growth and yield resean:h. 

Bwldin& a permanent plot dau base thai adequOiely represents d>e ran&• of for0$l staDd typeS, 
eonditions, and treatments requires fortthougbr and diligence; that of a predecessor, or your own 
If you install the plots (see Curtis (1983) and Vanclay (1991)). Only rarely are pennanent plot 
data bas<s established in suc:b a thoroup, systematk =er becloue or the larp expa~SC (ill 
money, personnel, 1nd time) associated with perm....,. plots. Altenmively. we built our 
permancn1 plot data bll<e by adopting plou ioitially Installed .. , pan of shnn-term sUvicultural 
studies. Others have brought diverse permanent plot data together for growtll and yield researc:b 
(Amey and Cunis 1977; Johnson and Pixon 1985), but they have notlypically deal! with the 
monagemenr or thes<: plots into !he future. 

Our JPI>roach of building a permanent plot dota base provides immedi•c access 10 groWib IDd 
mortality data (sec Hamilton 1986) and detailed descriptions of treatment history. In addition, it 

B~. J.C. 1993. Maima.ioina a pcrm.nrm plot d:Ua baH for #NW'lh and yield rtt.:irch: JOlutio011o 10~ rccui'T'in& probleou. pp. 1~17. 
l11. Va~lay, J.K., ~kovsgurd, J.P., and Gertner, G.Z., eda. Procecdloaa,IUFRO Con(cnmcG, Gtowch and Y'tdd S.limalion from 
Suc~•-•lnvenaonu, 14-17 June 1993, Q,pcobaJ<n, o.n ... rt. Fo..lcniJleiiCri<n ao. J.l993. O.oioh Fore• ond l.andoc.pc R .... rcb 
lna&JUW, Lyr¢r. O.omar~t. 281 p. 
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is IJQSSible to select only those plot' that fill data gaps for specific treatments or site types. Some 
of the problems with our approach incJude: data from diverse sources, different sampling designs. 
inefficient sarnpJing dc.'~igns, inefficient field procedures, and lact of coordination with the land 
management agency. This· paper describes the methods we use in dealing with each of these 
problem areas. Also, I discuss concerns related to sample staad selection using this approach. 
This paper is based on my work in accumulating old silviculture plots, and subsequently managing 
them, as part of a growth and yield research unit in the northern Rocky Mountains of the United 
State.<; however, most of the me~~ods would apply to forested areas anywhere in the wodd. 

METHODS 

In the next five sections, I desc.ribe methods for documenting data from diverse sources in a 
common data base, documenting diverse sampling designs, changing sampling designs, changing 
field procedur~.;s~ and coordinating activities in the plots with tbe land management agency, 

nocumenting nata rrorn Di,·erse Sourtes in a Common Data Baliie 

Invariably, data from different srudies will be stored in different file formats. So, for ease in 
collectively managing and analyzing data from the diffe:rent sources, Sweet and Byrne (1990) 
developed a common data structure as part or a project to exchange permanent plot data within the 
Inland Northwest Growth and Yield C'.ooperative (lNGY). This data StrUCIUre supplements the 
older COS~lADS format (Arney and Cunis 1977) by adding the capability to fully describe 
sampling designs, measurement methodologies, individual tree characteristics, and treatment 
histories. Using this data strucrure, data from permanent p1ots are organized into records in fonr 
general ·categories: (I) ba.5ic information (recoros of sampling design, adminislrative descriptors, 
location descriptors, plot descriptors, plot.summary descriptoR, measurement dates, lreattncnt 
descriptors, and site de.<eriptor.:), (2) supplemental information (records of· administrative units, 
fertiliz.ation treatments, soil descriptors, climatic descriptors, and height from dbh regression), (3) 
individual tree infonnation (records of individuaf tree descriptors and individual tree 
measurements), and (4) comments (re<:Ords of general comment< and individual tree comment<). 
Each installation, stand, plot, and tree is referenced by a unique Identifier. Common codes (e.g., 
species, tree status) are des<ribed for use with the various data atlrlbutes. 

The completed records can be moved with relative ease into any of the commonly available 
data base management software. systems (e.g., dDase or Paradox for the mM PC). Most such 
software packages have. an associated programming language for developing routines that 
summarize tile data and write reports or field measurement tally s~eets. Byrne and Sweet (1992) 
summarize the essential features of data base management systems for permanent plot data. 

Moving the originat d:na into ~his common data structure is far more time consuming than one. 
might think. This conversion of existing data typically involves an extensive process of editing, 
correcting, and screening for qu>lity. The necessity for such a time consuming process is a result 
of past inconsistencies in measurement procedures. recording and coding among people and 
among organizations. and the Jack, until recently, of effective editing programs. Therefore, 
conversion is an ongoing process, with the most needed information (e.g .• individual tree 
measurements) moved ficst, and Other information moved as time allows. Computer routines for 
processing the data are developed as the need arises. Managing the data, in general, is a task 
often assigned little time or priority; yet, without it, data are of littJe va1ue now or in the future. 
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DoounentinJ: Ohme Sampling Designs 

Diff~ent srud ie.s, from which the plou are obtained. neccswily hJvc different sampling 
designs. A common method of d~ibinc sampling designs, and changes In the dcsigns. ea.o;;:s 

compiline 1ree measurements on a per unit area ba.\is (per a.cre or per hectare) . Byrne and Stage 
(1988) define a data 01rucrure for samplina design description, wblc:.b faciii!Jites compilation of 
data willo • simple algnrilhm applicable to a very div<r5C mill of designs. Their doll~ strucrure 
defines three basic elem<iUs of a sampliDC d .. ign: sparial rdalions, definition and s2mpling of 
subp<>pulalion• of intor"''t, and sampled tree measurement accuracy. They demonstrated the 
use-fulness nf this structure in describing a variety of designs rancing from the simple 10 the 
complex. The rest of this section brielly describes thil samplin& design dJta sttucrure. 

Spatial relations ore dorumented by standardwng definitions of the hier:ucbieal levels of a 
sampling design. These levels and lloeir definitions are as f<>llows: 

Stond e a uniquely ~Rated, blologiC311y uniform ~r<a. 
Plot • • colle.:t ion of tree.< included within a sinate sample, and 

Subplot = a closter of trees nested within the plot. 

Defining il stand in this manner makes it synonymous widl the plot in rtUUIY 5ilvicultural srudJes 
and wlth the stand in operation:al research studies. It was necessary to agree on one term for a 
biologically uniform, uniquely trea1ed area so all studies can be related at the proper leveL This 
data structure only deals with levels of spJtiol bierucby at the stand Je,•el and below, but the 
authors rWiz-ed thar an installalton numbering scheme would be neces$al)' to categorize stands 
wi1hin nn experimental design and stands in an operational monitoring scheme-(see Sweet and 
Byrne 19'JO). 

To allow for a variety of r.ampling desips, lhe sample is defined by a rule for sel..:ti.og a 
group of trees from all pos<iblc trees iD a stand instead of a ploc drawn from many ]><Wible plots. 
In Ibis context, tit en, It is imponant to denne the subpopulations or trees sampled by each sample 
and the rules that determine whic:.b trees are sampled. 

Suhpoputation.1 of interist ~·• traditionally b<eo defined by a minimum diameter limit (e.a .. 
13 em dbh for Ioree tree samples) or height limit (e.J. , 0.5 m for small tree plots), above wblcb 
all trees nre samplod. For ne.'(uxl designs it is often necessary to have both a minimum and 
maximun1 size limit (e.g .. oo• part of a M$tod desicn might sample tr..,. from 7 10 13 em dbb). 
Other de>igns define ~ubpopulatlons by species or some specific ch:uactcristic oi the tree (e.g ., 
alive or d...J, infectc~ by a particular pathogen or 110{), The satnpling design structure can 
incnrporote all of these subpopulation delinltions by using lhese four variables (or multiples of 
them): 

I. subpopulation number, 
2. the v:u:iable for delimiting a subpopullllloo (e.g., continuous variables suc:.b as diametcr 
or height, or codes for categorical variables), 
3. minimurn value or first code for the variable, md 
4. maximum value or second code for the variab1e. 

Sampling rule$ wed to selea ,, ... in eac:.b $Ubpopulalion define the probability of • tree being 
<ampled. Four variables are used to define the rules for S2tnpling eac:.b subpopulation: 

I. sampling rule number, 
2 . variable (i .e., ~ c:.baractetistic) for definiac &004*ri< sampling probability (constont 
for fi•ed area plot, basal area for horizontal point sample, . etc.), 
3. expansion constant, i.e., that number for compilina to a unit-area basi$ (!/plot area for 
lixod ar .. pluu, BAF ror borizonuJ point umples, ecc.). ond 
' · number of $ubplots. 
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The third aspect of the sampling design is rhe way cree characrerisrics are measured on each 
•ample cree; whe~1er or nor they are dircclly observed, and, if they are dlr«.1ly observed, the 
acroraey of thar mcasuremenL l'or example, was tree hei&hl obtained by direct observation UJing 
a u:lesroping hei~hl pole or 1 clinometer. w:ss k estimated in the fldd 10 the neatest 10 feec, or 
was it estinured from a heighHlbb regression estilll1lll)(l A simple set of codes usociared with 
each tree chuacceristic L< usually all thar is required 10 address this aspccr of !he sampling design. 

To tie all aspecrs of each design together for ease in compilation procedures, each 
subpopulallon (subpopulltion number) musr be linlced with the rule used to sample it (sampling 
rule rmmbet) and !he dare this design wu inillated. The example 11 the cod of tbe oext section 
&bows bow we did this. 

Chanzln& Sampllnc DeiiJIIII 

Sampling designs sometimes must be changed because of sWid structure changes that were not 
anticipated when the srudy wu originally de.<lgncd or becaJse the original dai&n was inadequ ... 
in some way. Previous studies may have: concentrated on larccr trees. ~e lhat are at or near a 
size of commercial intere.~t. and may have inefficient or nonexiJtent sampling schemes for trees in 
smaller size clo.<~es. There may be other insrances where a aubpopularion uf interesr w"" nor 
sampled sufficiently. 11 may he betrer to modify the sampling criteria of an existing plor than to 
start over with a new piOI inslalllltion with a eo~e qmpling desip. The aisting plors 
have an invaluable mortal icy and growtll reronl tha would .... ~ lvailable for many~ from 
new plots. 

The mosr common deficiency in the many sample deslgn5 we've encountered is the failure 10 
efficiently sample smaller size classes. The wlution is to introduce subplots specifically for these 
smaller size classes. Severul examples may be illustrative. In tho tim case, the original design 
required measuring all tr<:a grearer than 2.5 em dbb on a 0.1 ha plot. In !he second case, the 
design called for sampling ooly those trees gr<ater tha> 13 c:m dbh, with 110 wnpling of smaller 
trees. In eirher case, as the stand malUres and opens up due to the dearb of some large trees, 
smaller trees may b<-gin 10 fill in the gaps in the IWld. The original sample design.• would oo 
longer be •uitable for the .rand. Measuring all trees erearer than 2.5 em dbh would rate too 
lllUcb time, and measuring ooly !hose trees over 13 em dbb would totally ignore !he larger 
I1Ulllber of small trees now fouod in the stand. 

Anolher instance where the sampling may need to~ modified is where only a subs~ of 
species of a pa"icular size ciL\.1 are sampled, often beciiUse only those species anticipated to be of 
commercial value were of Interest. However, other species tMt may be present in the slllnd for a 
short lime period may provide significant competition for species of commercial intetest, as 
hardwood species do for conifers in young pWllations. Even understory planb may be of intense 
as !he Fore.<! Service moves 10 a maJIJgement litrllegy tha stresses o<osYJ!em tlllllllgeiDODI mh« 
than timber extraction. For 1111 .. mpling designs, espec:ially tlloac for new )l«<llanent plot>, we 
recommend including all ~pecics present in each size class IJid also including 110me observation< of 
all vegetative life-forms. 

Design changes may be needed 10 modify pl'CSCill permanent plo!> for a ,,... .. ..,.essmeot of 
tree monality. One $lldl propoul calls fur dellnaling alarJter monaJity ploc atOUod aistin; 
permaneoc plors. In !his addlrional outer piOI, ooly the size and species of the dead trees are 
recorded. 

Adding a new sec of linking variables (i.e., subpopulation number, samplin& number, IJid dote 
design was Initiated) 10 the C)rlginal design description alloWJ the changes in sampling design to be 
described. A simple example is sllown on !he nexr J>OIC. See Byrne and Stase (1988) for olher 
exan..,les. 
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Sampling Dt'Sign Example (Including • chonge in d<'<ign) 

Ou 

0•~ 

o .. 

Samplin' doscriplion usin~ da1a Slrucluro: 

Subpopulation number 

From 1933 10 1974, all trees :1! 2 .~ em dbh were 
mea.<UTod on a 0. 1 ha pl01 (SubpiOI 0). We 
changed the sampling scheme in 1984 because of • 
large incruoe in sm.all rrees. All trees ;,: 7.5 <m 

dbh wtre mu.urccl on the 0 .1 ba pkll (subplol 0), 
but trees 2.5 10 7.4 em dbh wore Jubaamplccl usins 
II plots of 0.001 ha each (Subplot& 1·11), 
distributcclsystemwcally wilhin the 0.1 ba plot. 

2 3 

lJnkaps bd- dtslpt deimpi.Oc'S: 
ldm!!Dm.... Unldn• wiabJts 

Plot Subplot Subpop Ru~ 
J_ _I _ _J_ _L_ Date 

I 0 I I 1933 
lst var. for •ubpop. definition dbh dbh dbh I 0 2 I 1984 

Minimum or ht code 2.5 7.5 2.5 
Maximum or 2nd code 200.0 200.0 7.4 

Sampling rule number 
Variahle defining probability 

Expansion constant 
Number of subplols 

Con.<111111 
10 

I 

2 
Consranr 

1000 
II 

I I 3 2 1984 
I 2 3 2 1984 
I 3 3 2 1984 
I 4 3 2 1984 
I 5 3 2 1984 
I 6 3 2 1984 

7 3 2 1984 
8 3 2 1984 
9 3 2 1984 

10 3 2 1984 
II 3 2 1984 

ChanJing Field Proocclures 

Many of the same lree mea.<uremenls (•ueh as dbh, lOW heigh!, crown measures, damage, 
ele.) are taken as when the plou were usccl for silviculrural lludiCl. However, measurememt 
1eehniques may change over time. A plot initially eonsiJting of $!~Wier trees may have had ""'Or/ 
,_ height measur<d because or lhe ...., ur using • td<acoping height pole or similar device ror 
rne&.\urement. ~tIS ttCCS grOW latltf ~nd requite the timc-<:onsumiog use O( I clinometer lO 
measure hei&hl, subsampling beighl< may be necessary. The ume nuy be 1rue for crown 
measurements. See Curtis (1983) for procedures 10 select a representative subslmple. Subsample 
trees may bave 10 be added as old ones are damaged (e.s., broken lOp) or die. 

P101 maintenance varies gready depending on whether ploiS are viewccl as abon term oc long 
tenn. Maint8Wicc includes martin& of measuremeot pOiDIS, sucb as dbh, wldl nails, paillt 
nwks, etc., plol center ur oomor marken. and sample ttee ideali(IClllioD am localion. Slwrt-unn 
piOIS are typlally m<:<~SUred more fr<q~~<n~ly man long-unn plou (for example, every 2-S years 
ralher than every 5-10 years) . Tho 13mc personnel may make all of the measurornenll. Trees aad 
other idenlification points may be muked well when the plot b O$lablished bul not be maintainccl 
when measurements are J'nade-later. When plots are used over the long term, tree identifiers and 
measurement poinu must be continually mJinlainod because of degradation over time and the 
probability thu complelely difftrent personnel will be measurin; !be trees. Nails and attacbccl 
number tags arc overgrov.•n. paim marb bcle or arc lost by slouabiD& of hark, comer markers rot 
away or fall over. and sm.aller tretS nuy become difficult to locae as 51and v<l-ioD changes. 
For permanent plots, tree identifiers and piOI comers must be maintained at least 11 every 
measurement. LoClltions of"""" should be doc:umentccl with location from ploc centers or comers 
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or another similar way. To maintain our plots' visibility and to assure adequate uee identification 
at time of mea•urement. we visit plol• that are on a 10-y~ mwurement cycle at the 5th year to 
do a motinrenanc.e ched . 

Coordinating Acti•iU"" with the Land Mana3emer11 Agency 

In many forestry operations, the for""t n:seard! bnndl opentes indepeftdeutly of the forest 
management brand!. The U.S. Dcpanment of Agriculrure Forest Service is a prime example, 
with National Forest.s in charge of forest manasement 111d Researdt Swiom in cbarJe of reoeardl. 
The tl\'0 bnncbes are typically h!lUSOO at dilfereatloc:aliolll. Because petliWiall plocs are usaally 
lnsulled on National For""t land•, coordination between research and management staffs is crucial 
if long·te<m re$earch is to be sustainod. Lapses in oommunicalion ca.t1 wily result ;, damace 10 
the plotl, with subsequent abandonment or modification of the plou becoming neceosary. Types 
of activities that have damagod our plots Include both paniaJ and clearcunlngs, burning. and road 
building. 

Communicating fe$t..arcb ae1ivities to management personnel would seem to be a 
straightforward ta.•k. However, In our situation, it is plagued by •everal problems. The first 
proble<n is that the persoM<ll who manage the land and the researdters oftrn do 1101 say in the 
.. me location with the same. duties very long. Another problem is the diffiallty of communicating 
euct locations of plot.s. Our National Forests divide similar forest or landscape types inlo 
manageable <tand units, "'-hich are subsequently agarepted to a compartment lew!. These SWld 
boundaries can oRen change becau.'ie of management activities, damage, etc. The fort&ts maintain 
their own maps at their locations . On the other band, our research staff loclltes plots on general 
forest maps aod IO!>Ographic maps. usually by documenting diSI>Dces of plot marken from usily 
~een land or man·made fe:~run:s, ~ucb as road intcrsectioi\S, scream crossings. etc. Obviously, the 
way to alleviate this problem is to mainl>in a common geoataphieaJ mndard thai both 
nwugemem and research per-sonnel can use. This is slowly happening with the movanent toward 
computeri•od mapping using Geogrophic Information Systems (GIS) and the availability of Global 
Positioning Systems (GPS) for obtaining enct latitude, lon~o:ltude, and elevation coonlinates of 
plot loealions (Luopke 1991; Evan.< >od others 1992). Moo forestS can usellllitudo-longitiJd&. 
elevation coordinate.< to either place research plot locations on their GIS, if available, or on stand 
m.ops. Then, notes em be attached that eoC(lUrage managers to COOliCI raearcb personnel if 
activities are proposed for the plot locations. We have started using this process in the Ia.~ year 
with good success In wmmunicating plot locations. 

Well-marked plots help to communicate research attivitles to aunacement pcnonnel in !be 
field . We wish to be actively involved in any man•gement activities that would affect our long­
term plots. In contra.lt, inventory-type ploL< •re often minimally marked so management activities 
can oa:ur without bias and tllus be monitored. When management octivities are necaslt)' near or 
in our research plots we usc the guidance of Curtis (1983) for m ... <urements both immediately 
before and after the activity. Also, if at all (>OSSible, we uy 10 rtserVo an untreated control 
sample along with the trealed sample. 

No matter how diligent our coordination with the land man.agem~nr agcacy. damage 
occosionaliy occurs. Then, lhe question i$ whether to abolldon the plot or 001. The decision bas 
to be based oo the extent of the d;unage and the imponaru:e of the ploiiO your research. Orle 
recent example miaht be illumativ•. We m•lntained a clu.<ter of plots in an older, partially cut 
st.vld for IS yean, with mcosuremcnt5 at 0, S. and IS years from esublisbment. At ye.v t6 we 
di.scovetod that the stand h•d been nearly clearcut (due 10 a bilure of communication). The staod 
was to be planted the foJiowirlg yersr with disease· resistant white pine tpinus suobus). Because we 
had marked the plot center> with tall, painted wooden sul:e.< and with short iron swcs, .,,. ftlt 
conrtdent th31 we could relocate plo1 centers, possibly with the help of a metal detector. Because 
we hod m .. surod the stand the previou.< year, we had a good precuuing invcn10ry. We decided to 
"'""inue meuuring the plots ha:au~ of !be need lor infllnDJlion about the devdopl11C1lt of plaated 
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anJ notural rogcner:nion aftzr 1 cunin1. Our ploc d~ign was adequate for snull uecs. so no 
modiOc:uion o( the umpling criceria wu noceu.ary. 

CONCERNS RELAT1!D TO SAMPLE STAND SELECTION 

A pumantnt plOt data base for buildiftl 1roW111 and yield estimaton WO\IId kle<llly consist of a 
rombinlllion of '"'" types of plocs: (I) ooaaolled ..Uvialltural srudi"" lh2l provide diU. for aew 
lr<>IIMnts andfuc stand d""'ily d'l'ecU md (2) pet-..nt plots diM deoaibe stand etowdl and 
monnlity acros.l the variety of present stand type~ and treatmentS represented i.o !he operational 
foreu (St>&• 1976). SiMculturalotudics are oftallllbjectively placed iD &Wids wltb uoifonn 
charocteri<tics that meet a predetermined ut or <peelllcaliono of stand density. size class. 
eoolo&ical type, etc. Within these swu!.s, a variety of repll.-ed ttealmenll are .. ubli<bed and 
ruvlomly sampled with ploes. Slldl coatrolled ctpaiulaics permit hypotheses of treotmalt effects 
to be t .. ted &tatistically and provide iDfonurion oo rapon~e 10 tremmenu not now presCAU in !he 
opem;orw fOftSI. By en-. 10 more a ~·• umple of d-. ocross the opetllliooal 
fo...,.., a table of fotest type, c:oaditloa. and ....._ dasNa may be buUt. A complett lisliDc of 
candklate Jtands for each class iJ obtained, and a random umple of stanch b selected from each 
cl.au for csublisluntnt of plocs. CuniJ (1983) and Cunis and Hyink (1985) provid.e deWied 
summ~rles or tho prooedur .. for build ins permanent plot d1!11 ba.'IOS for srowlh and yield 
estirn>lion. 'l'hcse ri&arous procedures were used for some. but not all, of our plots. 

In building • pcrmonent plot cllb base win( 01bti"' plots as described, we sacrifice some 
oontrnl over the lucation of plot in.tallatlons and are less likely to obtain a trUly representative 
wnplc than if we w«e able 10 ben« noclocnlze lhel<lec:tiom. Realistically, lhc ideal med>od is 
rarely fwible for reasons of cost, time, and pnctlcalily. CosiS would be very hlfh for lure utJ 
of newly installed plots, loae wailS would be -.y to obtain sufficient data, and inefficiencies 
orould "'""I' bcause of poor ac:coa.,- of the ploa. Some compromise is nec:asary. 

To identify dm &JPS. we first dwifted the ubliaa ro- land base and desicoed a nwri1 
defined by ocola&ical type, devation, slope. aspea. and aeograpllic rqlon. We then distributed 
our plou into the •ppropri>te nwri• oells, with aclclil;onal carecorizotion by silviculluralliealllia4 
types (Byrne and others 1988) . Compuison of the forest area in each cel l with the number of 
plot$ in that cell showed the imporuuce of lilliftl pps. Sbge and Renner ( 1988) have discussed 
I he dirticuhy ()f mllintaining an ideal dbtribution or repr~entadve data over I lung lime frame 
h..:auS< of rondom occurrences of damaalnJ effccu caUJed by weadler (e.g., hl;h wincb, ice 
storm•. flooding) nr pest efl'ecu (e.a .• illfOCII or palhoams). Any new plou we might eolabllsb 
will be selected randomly from listings of suitable stands. We feel our method, thou&h by no 
mean.< ideal, atle~ to use the limited reoouta!l av&llable 10 UJ on a Jciontifocally $OWid basiJ. 

M•incaininc a s .. of ~ot plou and dldr d.m lw been grw!y •idod by us in& die 
mechods d...:ribed in this paper. Altbuuab ...., have used these tn<CIIOO. in die oontext of a dota 
h:1.<c b••ilt by accepting responsibility for the maintenance of plou from exiJtlng silvicultural 
<ludlt.<, the.<e mahOO. may provide euidanc:e for ochers wbo are initially insullln& plots for 
crnwth and yield research . 
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