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Abstract: We describe the first test conducted to determine user consistency in the application of hydro- 
geomorphic (HGM} functional assessment models. Over a three-week period, two teams of individuals 
trained in the HGM methodology assessed 44 riverine wetlands on the Coastal Plain of Delaware, Mar- 
yland, and Virginia, USA. Results demonstrated a high degree of agreement between the two assessment 
teams for both Variable Subindices and Functional Capacity Index Scores. indicating that the assessment 
models were robust and results were repeatable. Analyses of the data demonstrated the importance of only 
using variables whose measurements are repeatable. When variable measurements are not repeatable, HGM 
functional capacity scores are detrimentally affected, especially functions that are modeled by only a few 
variables. 
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INTRODUCTION 

A theoretical context for the Hydrogeomorphic  
(HGM) approach to functional assessment of  wetlands 
has been developed (Brinson et al. 1994, 1998, Smith 
et al. 1995), and examples have been provided for its 
application (Brinson and Rheinhardt 1996, Rheinhardt 
et al. 1997). Functional assessment under the HGM 
approach differs from alternative assessment methods 
in that (1) wetlands are classified using hydrogeo- 
morphic properties, (2) data from reference wetlands 
are used in model development, and (3) relative, rather 
than absolute, indices are used to increase efficiency 
and consistency of the assessment process. A national 
guidebook for assessing riverine wetlands for the Unit- 
ed States (Brinson et al. 1995) has been used to de- 
velop Regional Guidebooks for the riverine HGM sub- 
class (e.g., Ainslie et al. 1999). Regional Guidebooks 
are under development for other HGM wetland sub- 
classes such as fiats in the Atlantic and Gulf  Coastal 
Plains (R. R. Rhe inhard t  and M. M Brinson,  
pers.com.), Zentner (1999) reported on an effort to de- 
velop a regional guidebook for California's Central 
Valley streams, The National Wetland Science Train- 
ing Cooperative (NWSTC), in cooperation with vari- 
ous federal and state agencies, has been developing 
HGM Guidebooks for riverine and slope wetlands in 
southeast and interior Alaska, depressional wetlands in 
the Prairie Pothole region, riverine wetlands in central 
and southem California, and riverine and depressional 
wetlands in the Mid-Atlantic region (L. C. Lee, pers. 
com. ). Ongoing development of  guidebooks and test- 
ing of  HGM models has been funded by public (U.S. 
Environmental Protection Agency, U.S. Army Corps 
of  Engineers, and the National Resource Conservation 
Service) and private organizations. NWSTC has used 
the HGM approach as part of the 404 permit process 
for three approved projects in Washington, one in New 
York, and four in California. A protocol for the de- 
velopment of  regionally specific guidebooks has been 
proposed, and iterative testing of  the regional models 
is an important component of the process (Federal 
Register 1996, 1997, Brinson et al. 1999, Wakeley and 
Smith, In press), 

To be effective and widely accepted, the HGM ap- 
proach should be repeatable to facilitate consistent ap- 
plication of  federal, state, and local regulations. Thus, 
part of  the development process should include testing 
models for consistency of  results. In this paper, we 
present results from a test of  user consistency for var- 
iables and models for a Regional Guidebook being de- 
veloped for riverine wetlands in the Mid-Atlantic re- 
gion. At the time this study was conducted, Regional 
Guidebook development and testing proceeded in six 
related steps: (1) establishment of  the Reference Do- 

main, (2) selection and sampling of  the Reference Wet- 
land System, (3) selection of  Reference Standard wet- 
lands, (4) identification of  models (e.g., functions) and 
variables and scaling of  variables using the Reference 
Wetland System, (5) application of  the assessment 
models at Reference Wetlands by two independent 
teams, and (6) analysis and interpretation of  results 
leading to revision of  HGM variables and models. The 
interdisciplinary team of scientists that conducted this 
study had expertise in wetland hydrology and biogeo- 
chemistry, soil science, plant community ecology, and 
landscape ecology. 

METHODS 

Establishment of  the Reference Domain 

The Reference Domain is defined as the geographic 
region from which a wetland representing the regional 
subclass is selected (Smith et al. 1995). The regional 
wetland subclass used in this study included 1~'-3 r~ or- 
der streams (sensu Strahler 1957) that were identifiable 
on USGS 1:24,000 maps. The sites were located with- 
in the Coastal Plain of  Maryland, Virginia, and Dela- 
ware (Figure 1). In Maryland and Virginia, all sampled 
wetlands were within the Inner Coastal Plain on the 
Western Shore of  the Chesapeake Bay. Wetland sites 
in Delaware were located on the Coastal Plain. 

Within the Reference Domain, forested wetlands as- 
sociated with 1~-3 r'~ order streams, similar to those se- 
lected in this study, have been described by several 
authors. All of the sites that we studied would be clas- 
sified as either Seasonally or Temporarily Flooded 
Swamp Forests in the context of the National Wetlands 
Inventory (Tiner and Burke 1995). Wetlands similar to 
those that were selected have also been referred to as 
non-tidal palustrine forested wetlands (Hupp et al. 
1993, Puckett et al. 1993, Walbridge and Struthers 
1993), Coastal Plain swamps (Parsons and Ware 
1982), forests on small stream bottoms (Glascock and 
Ware 1979), and inland forested wetlands (Tiner 
1987). All of the natural wetlands were on floodplains 
associated with small streams in narrow, valley-bottom 
positions that experience seasonal flooding. Brush et 
al. (1980) characterized forested areas of  bottomlands 
on the Western Shore Coastal Plain in Maryland as the 
River Birch-Sycamore Association. Tree and shrub 
species composition varied from site to site, but there 
was extensive overlap between sites and the dominant 
species were Acer rubrum L., Fraxinus pennsylvanica 
Marshall, Liquidambar styraciflua L., Liriodendron tu 
lipifera L., and several oak (Quercus) species in the 
tree stratum and Alnus serrulata Aiton (Willd.), Car- 
pinus caroliniana Walter., Ulmus spp., Betula nigra L., 
and Viburnum spp. in the shrub stratum (Rheinhardt 
et al., In press). 
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Selection and Sampling of Reference Wetland 
System 

Within the Reference Domain,  we selected 44 Ref- 
erence Wetlands (Figure 1) that represented a range of  
altered and relatively unaltered conditions within the 
subclass and, presumably,  encompassed the range of  
ecological functioning shown by the subclass (sensu 
Brinson and Rheinhardt 1996). The range of  variation 
included (1) sites that had no sign of recent perturba- 
tion (e.g., beaver  activity, logging, hydrologic alter- 
ations), (2) sites that had been perturbed by natural 
processes and were recovering (e.g., abandoned beaver  
impoundments) ,  (3) sites that had been perturbed by 
anthropogenic activities (e.g., logging) in the past but 
were recovering, (4) sites that were subject to contin- 
uous and ongoing perturbation by anthropogenic ac- 
tivities (e.g.. under-fit culverts and subsequent im- 
poundment  of  water), and (5) sites that were recent 
attempts to restore or create riverine wetlands. 

Each Reference Wetland was sampled during the 
spr ing-summer of  1995 for hydrologic (e.g., channel 
morphology and evidence of  flooding depth and fre- 
quency), edaphic (e.g., percent cover  of  leaf litter), bi- 
ological (e.g., plant species composition),  and land- 
scape (e.g., characteristics of  upland habitats immedi-  
ately adjacent to the wetland) attributes and processes 
using procedures similar to those described in Brinson 
et al. (1995) and Rheinhardt et al. (1997). Data col- 
lected during this phase of  the study were used to es- 
tablish reference standards and scale variables that 
were used in models,  as described in the next section. 

Selection of Reference Standard Wetlands 

Reference Standard Wetlands are defined as the sub- 
set of  Reference Wetlands that have been least altered 
and, thus, represent a sustainable level of  ecological 
functioning across the suite of functions used in the 
models (Brinson et al. 1995, Brinson et al. 1998). Ref- 
erence Standard Wetlands were chosen by a subset of  
the authors (DFW, HK, RDR) that had selected and 
sampled the 44 Reference Wetlands. Selection criteria 
included field observations,  prel iminary analysis o f  the 
data collected in the spr ing-summer of 1995, and best 
professional judgment,  Hydrologic,  edaphic, biologi- 
cal, and landscape data that had been collected at the 
Reference Standard Wetlands were used to scale var- 
iables used in the H G M  models,  as described in the 
next section. 

Functions, Variables and Scaling of  Variables Using 
Data from Reference Wetland System 

H y d r o l o g i c ,  b i o g e o c h e m i c a l ,  b iota ,  and  habi ta t  
functions for the subclass were identified using Brin- 

son et al. (1995) as a guide. Models  for each function 
and the variables aggregated into the models were also 
selected based on guidelines in Brinson et al. (1995). 
Model variables are attributes of  wetlands that can be 
measured directly (e.g., tree basal area. presence of 
tree seedlings as evidence of  tree regeneration) or in 
directly as indicators (e.g., stains on vegetation in- 
dicating flooding depth) and are combined in equations 
to calculate a FunctionaI Capaci ty  Index (FCI) Scores 
for each function (Smith et al. 1995, Rheinhardt et al. 
1997, Brinson et al. 1998). Model variables and func- 
tions used in this study are described in Tables 1 
and 2. 

We assessed 14 variables in three general areas: hy- 
drology (Functions 1-5 in Table 2), b iogeochemist ry  
(Functions 6 -9  in Table 2), and biota/habitat (Func- 
tions 10-14  in Table 2). The 28 variables (Table l) 
were used in the model equations f rom one to six times 
for calculating FCI Scores (Table 2). Procedures orig- 
inally described in Smith et al. (1995) and elaborated 
by Brinson et al. (1995) and Rheinhardt  et al. (1997) 
were used to transform the data for the field variables 
(i.e., field measurements  of  the variables) to Variable 
Subindices scaled f rom 1.0 to 0.0. 

In most instances, the Variable Subindex categories 
were 1.0, 0.5, 0.1, or 0.0. A Subindex of  1.0 repre- 
sented conditions at Reference Standard Wetlands, 0.5 
represented a significant deflection f rom Reference 
Standards, 0.1 was used to indicate complete or near 
absence of the variable but with potential for recovery 
(regrowth of vegetation, etc.), and 0.0 indicated ab- 
sence of  the variable without potential for recovery 
(i,e., construction such as dams, buildings, highways, 
etc.). When  quantitative data were not available for 
variables, the Variable Subindices were based on qual- 
itative observations and/or best professional judgment  
of  the interdisciplinary team. Functional Capaci ty 
(FCI) Scores were computed (see equations in Table 
2) as continuous numbers  that range from 1.0, char- 
acteristic of  Reference Standard Wetlands, to 0.0, ab- 
sence of  function. 

Application of H G M  Models  at Reference Wetlands 
by Two Independent Teams 

Two assessment  teams were established to indepen- 
dently assess the Reference Wetlands over  a three- 
week period in November  1995. None of  the authors 
(MMB, LCL, WLN,  DFW) involved in development  
of  the national guidebook for assessment of  riverine 
wetlands (Brinson et al. 1995) were members  of  the 
assessment teams. Each team consisted of an individ- 
ual who was responsible for making final decisions for 
scoring each variable at the 44 sites. The team leaders 
had been trained in the application of  H G M  but had 
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Figure 1. Map of a Ix)rtion of the Chesapeake Bay region showing the distribution of wetland study sites. The 39 dots on the 
map represent all 44 sites because, in three instances, one dot covers more than one wetland at the scale used to draft the map. 

not  p r e v i o u s l y  v i s i ted  any o f  the 44  sites.  A second  
m e m b e r  o f  each  t eam was  one  o f  the authors  ( K H  or  
R R )  w h o  was  p resen t  to ass is t  wi th  da ta  co l l ec t ion  for  
a s s ign ing  var iab le  sub index  scores.  Each  team a lso  in- 
c l u d e d  one  or  m o r e  i nd iv idua l s  f rom federa l  and  state 
resource  agenc ies  who  had  no t  p r ev ious ly  b e e n  to  any  

o f  the si tes but  had  r e c e i v e d  t ra in ing  in the  H G M  ap- 
p roach .  

Each  a s s e s s m e n t  t e am was  g iven  a w o r k  schedu le  
and ins t ruc t ions  that  inc luded  p r o c e d u r e s  for  conduc t -  
ing the assessment ,  d i rec t ions  to each  wet land ,  and the 
loca t ion  o f  the A s s e s s m e n t  A r e a  wi th in  each  we t l and  
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where they would conduct sampling and assign Vari- 
able Subindex scores. The first team to assess each site 
marked the Assessment Area in which they worked so 
that the second team would conduct their assessment 
in the same location. One team began its work in Del- 
aware and the other in southern Virginia. The two 
teams compiled Variable Subindex scores for all var- 
iables at each site and also were asked to provide writ- 
ten commentaries and rationale for each assigned 
score. 

Data Analyses and Interpretation 

Data for each team and site were compiled, and the 
results for the two teams for the Variable and FCI 
scores were compared with the Wilcoxon signed rank 
test. The Wilcoxon test was used to compare the scores 
for the two teams because the data were not normally 
distributed. Variable subindices and FCI scores for the 
two teams were further compared to determine the 
probabilities that the two teams would differ by more 
than a specified level. Normal probabilities were com- 
puted using the P R O B N O R M  function of  SAS (SAS 
1990), and a description of  the procedure used to cal- 
culate probabilities for the Variable Subindices and 
FCI Scores follows. 

The Variable Scores assigned by each team were 
multinomial in distribution and were placed in one of 
four groups that accounted for 16 possible levels of 
agreement for each site. 

Group 1. No difference between the two teams in Var- 
iable Subindex scores. Possible combina- 
tions of  Variable Subindex scores were (0.0, 
0.0), (0.1, 0.1), (0.5, 0.5), and (1.0, 1.0). 

Group 2. Variable Subindex scores differ by one sca- 
lar unit. Possible combinations of  Variable 
Subindex scores were (0.0, 0.1), (0.1, 0.5), 
(0.5, 1.0), (0.1, 0.0), (0.5, 0.1), and (1.0, 
0.5). 

Group 3. Variable Subindex scores differ by two sca- 
lar units. Possible combinations of Variable 
Subindex scores were (0.0, 0.5), (0.1, 1.0), 
(0.5, 0.0), and (1.0, 0.1). 

Group 4. Variable Subindex scores differ by three 
scale units. Possible combinations of  Vari- 
able Subindex scores were (0.0~ 1.0) and 
(1.0, 0.0). 

Using this procedure, each site assessed by the two 
teams created a 16-cell multinomial distribution where 
the cells were defined by all possible pairs of Variable 
Subindices. The probability of  each level of  disagree- 
ment was estimated by the number of  sites that had 
Variable Subindices in each group divided by the total 
number of  sites. 
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In contrast to Variable Subindices, FCI scores were 
treated as if they had continuous frequency distribu- 
tions. The probability of  exceeding any fixed level of  
difference between the two teams was estimated by 
integrating the tails of a normal density function over 
values whose absolute value exceeded the fixed level. 
The normal density function was assumed to have a 
mean of zero and variance equal to the variance of  the 
differences in FCI Scores between teams. The variance 
was estimated by the sample variance of  the differ- 
ences between teams. Assuming a mean of  zero was 
the same as assuming that each team produced an un- 
biased estimate of  the true site FCI Score. 

RESULTS 

The two teams differed statistically in scoring 10 of  
the 28 (35.7%) variables (Table 1), and they were dis- 
tributed approximately evenly across the three cate- 
gories of  functions (e.g., hydrology, biogeochemistry, 
biota/habitat). Three of  the ten statistically different 
variables (VMAc~o, V~EDvEt, VWTV) were onty used in 
equations used to calculate FCI Scores for hydrology 
functions (Table 2). Three statistically different vari- 
ables (Vc~opv, Vco~-r~G,) were only used to calculate 
FCI Scores for biota/habitat functions, and the remain- 
ing tour variables (VDTR~, VIAND, VM[CRO" VSI-[RUB) were 
used to calculate FCI Scores for more than one cate- 
gory of functions. Mean FCI scores differed signifi- 
cantly between teams for two of the five hydrologic 
functions, for none of  the four biogeoehemical func- 
tions, and one of the five biota/habitat functions (Table 
2). 

DISCUSSION 

Variable Subindex Scores 

Variable Subindex scores for the two teams were 
further analyzed by calculating probabilities based on 
comparisons between the two teams (Table 3). Vari- 
able Subindices for the 44 Reference Wetlands were 
within 0.1 of each other for 19 of  the 28 variables 
(68%). However, the degree of agreement between the 
two teams was even higher based upon the probability 
analysis (Table 3). 

Most ecological data are continuously distributed, 
and when data are classified into discrete categories, 
such as is done in the HGM Approach, borderline cas- 
es are difficult to classify. Thus, in cases in which the 
probability was low that the two teams did not differ 
in their assessment of  a variable (cases where the two 
teams usually differed), one does not know whether 
these differences were due to (1) the measurement re- 
quiring too much subjective interpretation, (2) too 

Table 3. Summary of the probabilities that the differences 
in Variable Subindices between the two assessment teams 
disagree by less than or equal to 0, 1, 2, and 3 scale units. 

Variable 0 1 2 3 

V,~Ree 0.818 1.000 1.000 1,000 
VcA,~or, v 0.591 0.977 1.000 1.000 
VcoMp 0.727 1.0130 1.000 1 .(300 
Vcowrw~ 0.795 1.000 1.000 1.000 
VDTRE E 0.523 1.000 1.000 1.000 
Vw~ 0.681 0.795 0.955 1.000 
V~w~ 0.568 0.977 1.000 1.000 
Vc~A~ s 0.614 0.977 1.000 1.000 
V.Erm 0.568 0.909 0.977 1.000 
VIN,_,N, 0.636 0.955 0.955 1.000 
V.~,Nv. 0.864 0.864 0.864 1.000 
VLoGs 0.432 0.977 0.977 1.000 
VM~CRO 0.682 0.795 0.887 1.000 
VM~,vt,~ 0.955 0.955 0.977 1.000 
VM.CR~ 0.545 0.886 0-955 1.000 
Vo~c,~ 0.818 0.818 0.909 1.000 
VpATC H 0.364 0.886 0.955 1.000 
VpoR~ 0.591 0.841 0.977 1.000 
VR~t, wL 0.591 0.795 0.841 1.000 
VkEC~,, 0.795 0.955 0.977 1.000 
VsH~t,B 0.500 0.909 1.000 1.000 
Vsj-qv'r 0.886 0.886 0.886 1.000 
VsoRp 0.455 0.614 0.841 1.0(X) 
V STRATA 0. 864 0.977 1.000 1.000 
V~,,,,~ 0.818 0.886 0.955 1.000 
VsunouT 0.795 1.000 1.000 1.000 
VSuRwN 0,727 0.727 0.727 1.000 
VWTF 0.477 0.706 0.886 1.000 

many borderline cases, or (3) improper scaling of  the 
variable. Consider, for example, Vv~L ~ and Vc;Ap s in Ta- 
ble 3. The probability that the two teams did not differ 
was 0.681 and 0.614, respectively, suggesting that 
V~,t~L~ was a slightly more reliable variable than V~;A~,~ 
(e.g., the probability that they did not differ was high- 
er). The probabilities that the average scores differed 
by two or more scalar units was, however, 1.000- 
0.795 = 0.205 for VvR~:.~ and 1.000~L977 = 0.023 for 
V~A~s. Thus, for V6A~s, the two teams usually only dif- 
fered by one scalar unit when they did not agree. This 
result would be expected if many sites were borderline 
for the value assigned for V~aps. The higher probability 
of the score for Vva~c~ differing by two or more scalar 
units indicates that the teams had differed fundamen- 
tally in how they assessed that variable. Indeed, the 
team leaders reported, independent of  viewing results, 
difficulty in applying the method for assessing V~:~), 
and they each slightly modified the suggested proce- 
dure when they applied the sampling protocol in the 
field. Thus, in spite of the evidence offered by the high 
degree of probability agreement for the two variables, 
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one might infer that V~R~. ~ was a less reliable variable 
than VrAPS. From this reasoning, it follows that the best 
benchmark for comparing the raw Variable Subindices 
is determining the probabili ty that teams differ by 1 
or fewer  scalar units. Table 3 shows that the probabil-  
ities that the two teams differ by 1 or fewer  scalar units 
ranges f rom 0.614 for Vsoke to 1.000 for five variables 
{VBTREE, VCOMP , VCONTIG , VDTREE, NSUBOUT ). There were 
only three variables (VsoRP, VSURnN, VWTV) for which 
this level o f  agreement was less than 80%. A general 
conclusion would be that teams differed by one or 
fewer scalar units on -> 75% of  the sites for the vast 
majority of  Variable Subindices. 

The two teams differed statistically in their assess- 
ment of  four hydrologic variables (VMAc~O, VM~cRo- 
VREOv~ L, V~,r~ ; Table 1). Scoring of  each of these var- 
iables required the use of  subjective rather than objec- 
tive measurements.  For example,  VRV.DvEt. was scored 
by qualitatively assessing the presence and magnitude 
of high energy overbank flooding events such as sed- 
iment scour and deposition patterns rather than by  di- 
rectly measuring flow velocities. Both teams also re- 
ported that these four variables appeared to be scaled 
incorrectly (i.e., the scaling did not concur with field 
observations relative to degree of  impact). It is likely 
that imprecise definitions and methods of  measure- 
ment, combined with incorrect sealing, were the rea- 
sons why there were significantly different Variable 
Subindices for VR~Wl~- Problems of  this type can only 
be solved by continual evaluation, testing, and im- 
provement  of  models  using reference data (Wakeley 
and Smith In press). 

Detailed hydrologic data were available for only one 
site at the t ime of  the study. Assessment  of  hydrology 
variables will almost  always be problematic in wetland 
assessment because there are very  few wetlands for 
which there are long-term hydrology data that can be 
used to quantify the frequency, depth, and duration of  
flooding, factors that influence soil chemistry (Pon- 
namperuma 1972), elemental cycling (Gambrel l  and 
Patrick 1978, S~inchez-Prrea and Trrmoli~res 1997), 
plant communi ty  composi t ion (Pifgay 1977, Bedinger 
1979, Toner and Keddy 1997), plant growth (Will et 
al. 1995, Jones et al. 1996) and ecological functioning 
of wetlands (Verhoeven et al. 1994). Assessment  of  
hydrology variables will "almost always be based on 
"'indirect evidence"  of  field indicators, such as channel 
and floodplain morphology,  magnitude of  sediment de- 
position, drift lines, and water  staining of  trees. Clear 
directions of  how to assess variables must be provided 
in the Regional Guidebooks to minimize differences 
in measurement  results due to differences in sampling 
or interpretation (i.e., measurements  must be consistent 
and objective). Measurements  based on subjective in- 

terpretations or those that rely on the level of  experi- 
ence of the assessor should be avoided. 

Five of  seven objectively measured variables used 
in calculating biogeochemical  and biota/habitat FCIs 
differed significantly between assessment  teams [var- 
iables shown in bold for F U N C T I O N S  6-14  in Table 
2) and described (Vca.~.oe v, VcoNrlG, V~wo, VtiAeS, VFWD) 
in Table 1 ]. The two team leaders reported that differ- 
ences between the two teams for those variables were 
most  likely due to slight differences in where data 
were collected within the Assessment  Areas and, in 
part, to differences in the sizes o f  the Assessment  Ar- 
eas among sites with respect to the size and scale of  
the river. Spatial variability of  biological and physical 
features of  riverine forested wetlands within the Ref- 
erence Domain  is common  (e.g., Parsons and Ware 
1982, Puckett  et al. 1993) and adequate sampling (e.g., 
area sampled, sample size, number  of  samples) would 
be required to resolve potential differences in Variable 
Subindex scores for such area-based variables. A sim- 
ilar logic applies to more quantitative variables such 
as VDVREE" Densi ty-based measurements  are subject to 
spatial variation and appropriate sample sizes, and ar- 
eas sampled must be determined during the guidebook 
development  phase. 

Another  problem with objective measurements  is 
the variability inherent to the measurement  techniques 
and the timing of  the assessments. For example, Vc.~opv 
was measured in the field in November,  so many  of 
the leaves had fallen and tree canopies lacked contin- 
uous crown outlines. The lack of  continuous crown 
outlines is an important source of error in canopy cov- 
er a s se s smen t s  ( M u e l l e r - D o m b o i s  and E l l enbe rg  
1974). Thus, measuring VCANOeV in the field in Novem-  
ber likely increased sample variability. Problems such 
as this could be avoided by restricting the assessment  
to the growing season or by scoring the variable 
through the use of  recent high quality low altitude ae- 
rial photographs taken during the growing season. 

Functional Capacity Index Scores 

Average FCIs for the two teams were significantly 
different for three of  the fourteen (21.4%) functions 
(Table 2). Probability analyses of  the data further sug- 
gest that there was a high degree of agreement between 
the two teams, as mean FCI Scores differed by less 
than 0.1 for twelve of  the fourteen (85.7%) functions 
(Table 4). The probabili ty analysis also showed that, 
for all functions but Dynamic  Surface Water Storage, 
between- team differences in FCI Scores were less than 
0.4 units at a probabili ty level -> 0.990 (Table 4). FCI 
Scores calculated with equations that had only two 
variables (Table 2), with the exception of Moderation 
of  Ground-Water  Flow or Discharge, had a higher 
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Table 4. Probabilities that the differences between teams in the Functional Capacity Index (FCI) Scores will be less than or 
equal to the level (e.g., 0.1, 0.2, 0.3, 0.4) indicated in the columns. Equations used to calculate FCI values are provided in 
Table 2. 

Function 0.1 0.2 0.3 0.4 

1. Dynamic Surface Water Storage 
2. Long-term Surface Water Storage 
3. Energy Dissipation 
4. Subsurface Storage of Water 
5. Moderation of Groundwater Flow or Discharge 
6. Nutrient Cycling 
7. Removal of Elements and Compounds 
8. Retention of Particulates 
9. Organic Carbon Export 

10. Maintain Characteristic Plant Community 
11. Maintain Characteristic Detritai Biomass 
12. Maintain Spatial Structure of Habitat 
13. Maintain Interspersion and Connectivity 
14. Maintain Distribution and Abundance of Invertebrates 

0.243 0.465 0.785 0.987 
0.281 0.527 0.849 0.996 
0.260 0.493 0.gl 6 0.992 
0.252 0.480 0.802 0.990 
0.420 0.732 0.973 0.999 
0.415 0.725 0.971 0.999 
0.411 0.720 0.969 0.999 
0.361 0.652 0.939 0.999 
0.322 0.594 0.903 0.999 
0.494 0.816 0.992 1.000 
0.323 0.596 0.905 0.999 
0.503 0.825 0.993 t .000 
0.418 0.729 0.972 0.999 
0.310 0.575 0.890 0.999 

probability of  differing by more than 0.3. Examination 
of  Table 2, however, suggests that the differences in 
FCI Scores for functions that used two variables, may 
be due in part to problems associated with assigning 
subindex scores to the variables in the field more than 
the fact that only two variables were used in the mod- 
els. 

Variables that were significantly different in Table 1 
have been marked in bold in Table 2 to show how the 
variables were distributed among the functions when 
FCI scores were calculated. FCI Scores for the Mod- 
eration of Ground-Water Flow or Discharge and Main- 
tain Distribution and Abundance of Invertebrates func- 
tions did not differ significantly (Table 4), and the four 
variables used in models did not differ statistically 
when applied in the field by the two teams. In contrast, 
both variables used in the Long-term Surface Water 
Storage function differed significantly, and the FCI 
scores were also significantly different (Table 2). Func- 
tions that had multiplicative terms (.Dynamic Surface 
Water Storage, Energy Dissipation, Retention of  Par- 
ticulates, Organic Carbon Export) also tended to differ 
by more than 0.3 units (Table 4) but did not differ 
statistically between the two teams (Table 2). These 
results would be expected due to analytical properties 
of  variance, which should decrease as more variables 
are used in calculating FCI Scores but increase when 
multiplication is used in the calculation. If  the variable 
or variables used in the multiplications differed sig- 
nificantly, there would be a greater chance that the FCI 
Scores would have differed between the two teams. 
That possibility seems to have little influence on the 
results in this study because none of the multiplication 
variables differed significantly (Table 1). 

CONCLUSIONS 

The hydrogeomorphic approach to wetland assess- 
ment is still in the developmental stages, and a number 
of  assumptions in model development and application 
need to be rigorously tested (Wakeley and Smith In 
press). The objectives of  this study were to test one 
aspect of  the HGM approach by evaluating whether or 
not two teams obtained similar results when they ap- 
plied the same methodology to a set of  wetlands rep- 
resenting a wide range of  conditions from relatively 
unaltered to highly altered sites. We found that highly 
repeatable results occurred, especially in FC1 Scores. 
Analyses of  the data, however, also demonstrated that 
several issues need to be considered when models are 
being developed, tested, and refined. The statistical ap- 
proaches used to evaluate the teams' results indicate 
the importance of  identifying and eliminating variables 
whose measurements are not repeatable, either because 
the measurement required too much subjective inter- 
pretation or the variable was scaled improperly. Fur- 
ther, we demonstrated that variables whose measure- 
merits were not repeatable can detrimentally affect the 
repeatability of FCI scores derived from those same 
variables. Not surprisingly, functions that are most af- 
fected are thosethat are modeled by only a few vari- 
ables. We hope that these findings will be useful as 
the HGM approach to wetlands assessment is further 
developed and tested. 
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