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ABSTRACT / Fish habitat loss has been prevalent over the
last century in Canada. To prevent further erosion of the re-
source base and ensure sustainable development, Fisheries
and Oceans Canada enacted the habitat provisions of the
Fisheries Act in 1976. In 1986, this was articulated by a
policy that a “harmful alteration, disruption, or destruction to
fish habitat" (HADD) cannot occur unless authorised with
legally binding compensatory habitat to offset the HADD.

Despite Canada's progressive conservation policies, the
effectiveness of compensation habitat in replicating eco-
system function has never been tested on a national scale.
The effectiveness of habitat compensation projects in
achieving no net loss of habitat productivity (NNL) was
evaluated at 16 sites across Canada. Periphyton biomass,
invertebrate density, fish biomass, and riparian vegetation
density were used as indicators of habitat productivity.
Approximately 63% of projects resulted in net losses in
habitat productivity. These projects were characterised by
mean compensation ratios (area gain:area loss) of 0.7:1.
Twenty-five percent of projects achieved NNL and 12% of
projects achieved a net gain in habitat productivity. These
projects were characterised by mean ratios of 1.1:1 and
4.8:1, respectively. We demonstrated that artificially
increasing ratios to 2:1 was not sufficient to achieve NNL for
all projects. The ability to replicate ecosystem function is
clearly limited. Improvements in both compensation science
and institutional approaches are recommended to achieve
Canada's conservation goal.

Canada contains approximately one quarter of the
world’s wetlands (Rubec 1994), which support a rich
biodiversity of more than 198 fish species (Scott and
Crossman 1998). Losses of wetlands have occurred at
an alarming rate in the last century, In fact, approxi-
mately one seventh (20 million ha) of Canada’s wet-
lands have been lost (Rubec 1994). Habitat loss has
been identified as a key factor in the decline of Can-
ada’s freshwater fisheries resources (Pearse 1988;
Beamish and others 1986). In North American fresh-
waters, 73% of fish extinctions can be attributed to
habitat alterations (Miller and others 1989).

To prevent further erosion of the resource base, in
1976 Fisheries and Oceans Canada (DFO) enacted the
habitat provisions of the Fisheries Act, one of the stron-
gest pieces of environmental legislation in Canada. A
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“harmful alteration, disruption, or destruction to fish
habitat” (HADD) cannot occur unless authorised via
Section 35(2) of the Fisheries Act. In 1986, the Policy for
the Management of Fish Habitats (hereafter the Habi-
tat Policy; DFO 1986) was implemented to ensure sus-
tainable development by requiring authorised HADDs
to be offset by legally binding habitat compensation.
The guiding principle behind the requirement for
habitat compensation is the achievement of no net loss
(NNL) of the productive capacity of fish habitats, the
primary conservation goal of the Habitat Policy.

Thus, the putative solution for conserving Canada’s
rich biodiversity of fish and the habitats they depend
upon, while allowing development to continue, is
through compensation habitat. Canada has received
accolades for its progressive conservation policies
(Brouha 1993), yet in practice, the effectiveness of
compensation habitat in achieving NNL has never
been tested on a national scale. Excessive workload in
DFO results in reactive, crisis habitat management such
that follow-up monitoring and adaptive management
do not occur (Harper and Quigley 2005a). In fact,
nationally only 2.1% of DFO’s habitat management
workload is spent conducting follow-up monitoring to
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determine efficacy of compensatory works (Drodge
and others 1999). Independent evaluations of the
effectiveness of compensation habitat in Canada are
even rarer (Harper and Quigley 2005b). Furthermore,
the vast majority of evaluations and monitoring that
have occurred has been short term (1-3 yrs), judge-
ment based, and qualitative rather than quantitative
(Harper and Quigley 20605a). Most studies have based
their NNL determinations simply upon area gained or
lost rather than scientifically defensible assessments of
the true productive capacity of fish habitats. A possible
reason for this is the difficulty in assessing productive
capacity as it is defined in the Habitat Policy.

Productive capacity is characterised as “the maxi-
mum biomass of organisms that can be sustained on a
long term basis by a given habitat, analogous to carrying
capacity” and “the measure of a habitat to produce fish
and/or food organisms in natural or restored condi-
tions” (DFO 1998). Indeed, the difficulty in opera-
tionally defining and assessing productive capacity has
been recognized (Jones and others 1996; Levings and
others 1997) since the inception of the Habitat Policy
and has likely impeded applied, practical research into
the performance of DFO’s conservation policy. Efforts
in providing operational definitions of productive
capacity have received considerable resources and ef-
fort (Minns and Moore 2003; Minns 1995, 1997; Levings
and others 1997), as have inventories of the productive
capacity of various habitats (Gordon and others 1997;
Amiro 1997; Welch 1997; Williams and others 1997).
However, with respect to compensation habitat, DFO’s
core mechanism to conserve habitat, practical evalua-
tions of the attainment of NNL of the productive
capacity of fish habitats have rarely been undertaken,
and if so have been local in scope (Scruton 1996; Minns
and others 1995; Levings and Nishimura 1996).

Productive capacity was intended to measure the
capacity of the habitat (carrying capacity potential) and
not solely current fish production (Scruton 1996). We
agree with Minns (1997) and Levings and others
(1997) that the Habitat Policy was drafted to conserve
habitat quality and ecosystem productivity akin to the
United States’ legislation (Section 404, Clean Water Act)
designed to conserve wetland functionality. Productive
capacity can be considered an intrinsic potential
property of habitat, which is not only difficult to
quantify but is “logically inoperable” (Minns 1997).
However, the ability of DFO to achieve NNL of future
productivity may be a moot issue if current habitat
productivity is not being effectively conserved. Indeed,
the productivity of compensation habitats relative to
impacted habitats is the key unanswered question of
habitat managers in Canada (Metikosh 1997).

As such, we investigated the effectiveness of habitat
compensation in achieving NNL of current habitat
productivity by measuring both the area and the pro-
ductivity of compensatory habitats. Consistent with the
latest trends in conservation biology (Underwood 1995;
Walters and Holling 1990), we treated DFO’s manage-
ment actions with respect to habitat conservation (i.e.,
compensation projects) across Canada as experiments.
In this article, we describe a field evaluation of fish
habitat compensation projects completed across Can-
ada to determine effectiveness of compensation pro-
jects in achieving NNL of habitat productivity.

Methods

Habitat compensation projects were selected ran-
domly across Canada with geographic stratification in
five provinces: British Columbia, Manitoba, Ontario,
New Brunswick, and Nova Scotia. Field evaluations
were completed from May to October of 2000 and
2001. We selected projects that had been completed
between 1994 and 1997, which ensured a postcon-
struction age range of 4 to 8 years.

A hierarchy of compensation options, from most to
least preferred, that compare the habitat type and
ecological unit of compensation habitat relative to the
lost habitat is provided in the Habitat Policy (DFO
1986, 1998). We described compensation projects
based on a modified hierarchy of preferences. This
included three basic classifications: (1) like for like
habitat: create similar habitat at or near the site in the
same ecological unit (e.g., replace off-channel habitat
with off-channel habitat); (2) like for unlike habitat:
create or increase the productivity of unlike habitat in
the same ecological unit (e.g., replace in-channel
habitat with off-channel habitat); (3) increasing like
habitat productivity: increase the productivity of like
habitat at or near the site (e.g., enhance existing in-
channel habitat to compensate for in-channel habitat
loss). Ecological unit was defined as “populations of
organisms considered together with their physical
environment and the interacting processes amongst
them” (DFO 2002a).

Each compensation project was partitioned into
treatment sites (n = 2-4). Unimpacted reference sites
(n = 2-4) were selected to represent the HADD site
prior to the impact. Pre-impact assessment reports,
photographs, and on-site visits with the DFO biologist
responsible for the authorisation assisted in reference
site selection. In some compensation projects, the
HADD site and the compensation habitat were spatially
distinct. In these cases, treatment sites were selected in
both the HADD site (n = 2-4) and the compensatory
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site (n = 2-4) and data were pooled to develop mean
response values. In this way, we were able to evaluate
the habitat productivity of the compensatory, modified
(HADD site), and lost habitats (reference site).

For each project, the evaluations consisted of two
general components: determining the overall areal
extent of habitat change and the magnitude of change
per unit area (Minns 1995). Total surface area of gains
and losses in habitat were measured and compensation
ratios (habitat area gained:habitat area lost) were cal-
culated (sensu Quigley and Harper 2005).

Taking an ecosystem approach, we selected four
variables as a proxy to productive capacity to quantify
magnitude of change in habitat productivity. This
multimetric approach included biomass of periphyton,
macroinvertebrate density, fish biomass, and areal
cover of riparian vegetation. These variables were
measured at both treatment and reference sites. For
some projects, all four variables were not measured
because of logistical constraints or because a given
indicator was not applicable for a particular project.

Treatment and reference sites were netted off and
the areas were measured so that response variables
could be quantified per unit area. Periphyton was
sampled from each site by selecting five rocks, using a
random stratified approach along a transect in the
centre of the channel. Sediment was first removed
from each rock with a washbottle. Then a cordless drill
with nylon brush was used to emulsify periphyton from
a known area on each rock defined by 3.8-cm sections
of polyvinyl chloride pipe of varying diameters (5.08
cm, 7.62 cm, or 10.16 cm, depending upon substrate
size). Emulsified periphyton was rinsed into sample
bottles and quantified in the laboratory by filtration
(g/m?). Five invertebrate samples were randomly taken
per site using a Surber sampler (RIC 1997). Densities
(number/m?) and diversity of invertebrates were re-
corded. Fish were sampled by electroshocker (Smith
Root 12C), and densities were calculated using a two-
pass removal method (Seber and LeCren 1967). Fish
biomass (g/m?) and species diversity were recorded for
each site. Riparian vegetation was sampled at each site
using a random stratified approach along a transect
parallel to the channel. Total percent coverage of 1-m?
quadrats as well as diversity of woody and nonwoody
riparian species were quantified at five locations per
site.

Treatment response variables were weighted by the
difference in area between the compensation and
HADD areas (i.e., compensation ratio). For example, if
the total compensation area exceeded the HADD area
by a factor of 1.2, then all of the mean treatment re-
sponse variables would be multiplied by 1.2 to estimate
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the total production for that variable. Response vari-
ables were contrasted between treatment and reference
sites, Most projects were composed of an in-channel
and a riparian component, which were evaluated sep-
arately. A project was deemed to have resulted in a net
gain if one or more of the response variables were
statistically greater in treatment sites than reference
sites and the remaining variables were not different. A
project was deemed to have resulted in a net loss if one
or more variables were statistically greater in reference
sites than treatment sites. Projects achieved NNL if all
of their response variables did not differ between ref-
erence and treatment sites.

Two additional sets of analyses were also completed
whereby artificial ratios of 1:1 and 2:1 were used with
the mean treatment response variables rather than the
actual compensation ratios measured. These analyses
were completed because many projects had compen-
sation ratios less than 1:1 and we wanted to ascertain
the effect that larger compensation ratios might have
on the achievement of NNL.

It is possible to have no change in production
(biomass) in a particular indicator but have a shift in
species composition. Diversity of fish species, inverte-
brate orders, and riparian nonwoody and woody spe-
cies was measured to capture changes in community
structure.

Data Analyses

Data were visually inspected for normality and
homogeneous variances. We used log transformations
to minimise heterogeneous variances. For each com-
pensation project, we used analysis of variance to
compare response variables between reference and
treatment sites. Leastsquare means were used to cal-
culate means for graphical presentations. Values are
reported as means + 1 standard error (SE). Statistical
analyses were completed using SAS statistical software,
release 8.02 (SAS Institute 2001). All tests were con-
sidered to be significant to a P < 0.05.

Results

A total of 16 habitat compensation projects were
evaluated across Canada in British Columbia (n = 7),
Manitoba (n = 3), Ontario (n =2), New Brunswick
(n =2), and Nova Scotia (n =2) (Figure 1). This
sample represents approximately 13% of the total
number of authorisations (N = 124) issued in these
provinces during 1994 to 1997 inclusive. The mean age
of projects was 4.3 years (SE = 0.5) (Table 1). Habitat
compensation projects evaluated were a result of the
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Figure 1. Location of compensation projects evaluated across Canada (n = 16).

following development activities: roads and highways
(n = 7), urban development (n = 4), forestry (n = 3),
agriculture (n = 1), and oil and gas (n = 1) (Table 1).
The HADDs and compensatory habitats occurred in
two habitat categories: in-channel and riparian. Many
projects included HADDs and compensation in both
habitat categories. Common compensation techniques
included riparian revegetation, channel creation, and
habitat complexing through addition of boulders,
large woody debris, or pools (Table 1).

In the inchannel habitat category, approximately
58% of projects had HADD areas that were larger than
authorised. Smaller-than-authorised HADD areas were
less common, occurring 8% of the time (Figure 2A).
The mean size of the authorised and actual HADDs was
2493 m? and 5393 m?, respectively. In contrast, com-
pensation habitat tended to be smaller than required.
Approximately 50% of projects had compensation
habitat smaller than required, whereas 17% were larger
than required (Figure 2B). The mean size of the
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Table 1. Descriptive information for compensation projects studied across Canada

Project Province Age (yrs) HADD description Compensation description Hierarchy option
1 Manitoba 5 Highway realignment resulted in a loss of River diversion created in-channel riverine Like for like
in-channel riverine habitat and of riparian habitat and riparian habitat. Constructed
habitat. riffles and deep pools incorporated as
compensation features.
2 British Columbia 3 Forestry road realignment and culvert Creation of inchannel riverine habitat and  Like for like
installation resulted in a loss of riparian habitat. Habitat complexing with
in-channel riverine habitat and large woody debris was a compensation
riparian habitat. feature.
3 Nova Scotia 7 Highway twinning resulted in stream Habitat complexing was completed to Increase like productivity
diversion and culvert installation enhance productivity by installing
destroying in-channel riverine digger logs.
habitat and riparian habitat.
4 Ontario 7 Municipal road construction and bridge Creation of in-channel riverine habitat Like for like
installation resulted in stream and riparian habitat.
channelisation and diversion. In-channel
riverine habitat and riparian habitat was lost.
5 Manitoba 3 Construction of a dam and spillway to create Creation of lacustrine/reservoir Like for unlike
an agricultural water reservoir resulted in habitat, riparian habitat and fishway.
a loss of riverine in-channel habitat and
riparian habitat.
6 British Columbia 3 Installation of an outfall structure for Riparian revegetation. Like for like
discharge from a water treatment plant
resulted in a loss of riparian habitat.
7 New Brunswick 4 Highway construction and installation of twin Crcation of in-channel habitat Like for like
bridges resulted in a river diversion and complexed with digger logs,
channelisation and a loss of riparian and boulders, and large woody debris.
inchannel habitat.
8 Ontario 3 Road construction, culvert installation Riparian revegetation and creation Like for like
and stormwater retention pond to service of in~channel habitat complexed
new subdivision resulted in a loss of with large woody debris.
inchannel riverine habitat and riparian
habitat.
9 New Brunswick 2 Highway construction and installation of four Riparian revegetation and Like for like
culverts, channelisation, and two stream creation of inchannel habitat
diversions resulted in a loss of in-channel complexed with digger logs,
riverine habitat and riparian habitat. boulders, and large woody debris.
10 British Columbia 3 Major river channelisation and creation Riparian revegetation and Like for like
of a spur-dyke to protect downstream preservation of adjacent side-channel
forestry mill resulted in a loss of in-channel access. Irregular edge habitat and
riverine habitat and riparian habitat. groynes incorporated into rip-rap
design as compensation features.
11 British Columbia 2 Condominium devclopment resulted Riparian revegetation. Like for like

in a loss of riparian habitat.
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required and actual compensation habitats was 16,245
m? and 14,865 m?, respectively. Overall, 75% of com-
pensation projects had either larger HADD and/or
smaller compensation areas than authorised. Conse-
quently, 64% of projects had smaller compensation
ratios than authorised, whereas only 27% were larger
(Figure 2C). The mean compensation ratio required
was 6.8:1 compared to an actual ratio of 1.5:1.

In the riparian habitat category, the trends were
similar. Approximately 56% of projects had HADD
areas that were larger than authorised. Smaller-than-
authorised HADD areas occurred at 13% of the pro-
jects (Figure 2D). The mean size of the authorised and
actual HADDs was 11,535 m? and 11,446 m?, respec-
tively. Compensation habitat was smaller than required
on 50% of projects and larger for 25% (Figure 2E).
The mean size of the required and actual compensa-
tion habitats was 7667 m® and 6730 m?, respectively.
Overall, 88% of compensation projects had either lar-
ger HADD and/or smaller compensation areas than
authorised. As a result, 75% of projects had compen-
sation ratios smaller than authorised and 19% were
larger (Figure 2F). The mean compensation ratio re-
quired was 1.2:1 compared to an actual ratio of 0.8:1.

In terms of habitat productivity, 12% (2) of the
projects achieved a net gain based on the actual com-
pensation ratios. The mean compensation ratio for
these projects was 4.8:1. Approximately 25% (4) of the
projects achieved NNL. The mean compensation ratio
for these projects was 1.08:1. Approximately 63% (10)
of the projects resulted in a net loss of habitat pro-
ductivity (Figure 3A, Table 2). These projects had a
mean compensation ratio of 0.74:1.

Interestingly, with an artificial ratio of 1.0:1, none of
the projects would have achieved a net gain, 56%
would achieve NNL, and 44% would result in a net loss
of habitat productivity (Figure 3B, Table 2). With an
artificial ratio of 2.0:1, approximately 31% of projects
would achieve a net gain, 50% would achieve NNL, and
19% would result in a net loss of habitat productivity
(Figure 3C, Table 2).

We detected a difference in mean periphyton bio-
mass in 50% of compensation projects where it was
sampled (Figure 4A) and a difference in macroinver-
tebrate density in 25% of projects where it was sampled
(Figure 4B). A difference in fish biomass was only de-
tected in 8% of projects where it was sampled
(Figure 4C). It appears that riparian habitats are much
more difficult to compensate for because 57% of pro-
jects sampled for this variable resulted in a net loss and
no projects achieved a net gain (Figure 4D, Table 2).
The differences in riparian productivity were large and
unequivocal in these eight projects.
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Figure 2. Required and actual HADD areas (A, D), compensation areas (B, E), and compensation ratios (area gained:area lost)
(C, F) in the in-channel and riparian habitat calegones Values that exceeded the scale are indicated above the bar except for
project 5, which had a required HADD of 60,000 m? and an actual HADD of 60,931 m? in the riparian category (D). ProJect 5
had a required and actual in-channel compensation area (B) of 150,000 m 2 and riparian compensation area (E) of 60,000 m?,
respectively. Bars that are absent indicate a zero value except for project 14, in which actual HADD and compensation areas were

not measured in the in-channel category.

There were no differences in diversity of fish or
invertebrates between treatment and reference sites in
any of the projects (Table 3). Three compensation pro-
jects had differences in diversity of riparian vegetation
between treatment and reference sites. Project 10 had a
greater diversity of nonwoody riparian species in refer-
ence sites (0.67/m2) in comparison to treatment sites
(0.33/ m?). Project 6 had a greater diversity of woody

riparian species in reference sites (3/ m?) compared to
treatment sites (0.5/ m?). Project 11 had a greater
diversity of nonwoodyspecies in treatmentsites (2.1/ m?)
relative to reference sites (0/m?®), yet had a greater
diversity of woody species in reference sites (2.0/ m?)
compared to treatmentsites (0.45/ m2) (Table 3). There
were no differences between diversity of nonwoody or
woody riparian species in any of the other projects.
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Figure 3. Percentage of projects achieving a net gain (NG), no net loss (NNL), and a net loss (NL) of habitat productivity based
on the mean actual compensation ratios (A) indicated under each bar, and artificial ratios of 1:1 (B) and 2:1 (C).

Discussion

Inherent ecosystem variability meant that differ-
ences had to be large in order to detect responses. In
this respect, our results can be considered conservative
because we defaulted to a NNL outcome on many

projects that may not have achieved this goal. Indeed,
Mapstone (1995) reports that many environmental
impact assessments conclude that a development had
no effect because an 80-100% change in the measured
variable would have been required to detect change.
Although more replicates would have assisted in
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Table 2. Model statistics for habitat productivity variables to determine if compensation projects achieved a Net
Gain (NG), No Net Loss (NNL), or Net Loss (NL) in habitat productivity based on actual compensation ratios (CR)

and artificial ratios (ACR) of 1:1 and 2:1.2 O = Qutcome

Project Variable Actwal CR  Pvalue o ACR Pwalue o ACR  Pvalue o
1 Riparian coverage 0.88:1 0.5507 NNL 1 0.6525 NNL 21 0.639 NNL
Periphyton biomass 0.82:1 0.9138 NNL 1 0.758 NNL  2:1 0.4323 NNL
Invertebrate density 0.82:1 0.2575 NNL 11 0.1694 NNL  2: 0.0563 NNL
Fish biomass 0.82:1 0.9287 NNL 11 0.7341 NNL  2: 0.3102 NNL
2 Riparian coverage 0.5:1 0.0848 NNL 1:1 0.4226 NNL  2:1 0.9129 NNL
Invertebrate density 1.48:1* 0.0101 NL 1:1* 0.0036  NL 21*  0.0239 NG
Fish biomass 1.48:1 0.1605 NNL 1: 02758 NNL 21 0.1197 NNL
3 Periphyton biomass 4.76:1* 0.0179 NG 1:1 0.4977 NNL 21 0.0776 NNL
Invertebrate density 4.76:1 0.2409 NNL 1 0.3268 NNL 21 0.3331 NNL
Fish biomass 4.76:1 0.4851 NNL I 07906 NNL 21 0.8187 NNL
4 Riparian coverage 1.09:1 0.327 NNL 1: 02667  NNL 21 0.9842 NNL
Invertebrate density 1.62:1 0.7373 NNL 1: 0.9045 NNL 21 0.6423 NNL
Fish biomass 1.62:1 0.2972 NNL Il 0.8362 NNL  2:1 0.1719 NNL
5 Riparian coverage 0.98:1 0.9868 NNL 1:1 0.6666 NNL 21 0.0001 NG
Invertebrate density 4.79:1* 0.0524 NG 1:1 0.4188 NNL 21 0.1139 NNL
Fish biomass 4.79:1 0.7441 NNL L1 0.5244 NNL 21 0.9479 NNL
6 Riparian coverage 0.06:1* 0.0001 NL 1:1* 0.0103 NL 2:1 0.6202 NNL
7 Riparian coverage 0.38:1* 0.0415 NL 111 0.4855 NNL 2] 0.7673 NNL
Periphyton biomass 1.65:1 0.7521 NNL Il 0.2735 NNL  2:1 0.8426 NNL
Invertebrate density 1.65:1 0.8311 NNL 1:1 0.274 NNL 2:1 0.5191 NNL
Fish biomass 1.65:1 0.4651 NNL 11 0.1865  NNL  2:1 0.7677 NNL
8 Riparian coverage 0.06:1* 0.0011 NL 1:1 0.4341 NNL 21 0.9897 NNL
Invertebrate density 0.26:1 0.3191 NNL 11 0.4601 NNL 21 0.7227 NNL
Fish biomass 0.26:1 0.3353 NNL 1 0.7581 NNL  2:1 0.8191 NNL
9 Riparian coverage 0.23:1* 0.0008 NL 1:1 0.1624 NNL 21 0.1086 NNL
Periphyton biomass 0.53:1 0.1294 NNL 1 0.8587 NNL  2:1 0.2309 NNL
Invertebrate density 0.53:1 0.398 NNL 11 02916 NNL 21 0.248 NNL
Fish biomass 0.53:1* 0.0333 NL 1:1* 0.0422 NL 2:1 0.0777 NNL
10 Riparian coverage 1.0:1* 0.0023 NL 1:1* 0.0023 NL 2:1*  0.0112 NL
11 Riparian coverage 3.52:1* <0.0001 NL 1:1* 0.0001 NL 2:1*  0.0001 NL
12 Riparian coverage 0.68:1 0.4781 NNL L1 0.4781 NNL  2:1*  0.0052 NG
Invertebrate density 1.14:1 0.579 NNL 11 0.6143 NNL  2:1 0.4815 NNL
Fish biomass 1.14:1 0.3896 NNL 11 02966 NNL 21 0.8097 NNL
13 Periphyton biomass 0.08:1* 0.0031 NL 1:1 02783 NNL  2:1*  0.0208 NG
Invertebrate density 0.08:1* 0.0452 NL 1:1 0.7186 NNL  2:1* 0.0397 NG
Fish biomass 0.08:1 0.1543 NNL 11 0.4096 NNL  2:1 0.9046 NNL
14 Riparian coverage 0.39:1* 0.0469 NL 1:1 0.4226 NNL  2:1 0.9268 NNL
Periphyton biomass 0.5:1* 0.019 NL 1:1* 0.0216 NL 2:1*  0.0299 NL
Invertebrate density 0.5:1 0.3743 NNL 11 0.2084 NNL  2:1 0.1608 NNL
Fish biomass 0.5:1 0.5667 NNL 1:1 0.4871 NNL 21 0.4521 NNL
15 Riparian coverage 1.06:1 0.1633 NNL 1 0.1449 NNL  2:] 0.6769 NNL
Invertebrate density 1.06:1 0.0781 NNL 11 0.0738 NNL  2:1 0.1924 NNL
Fish biomass 1.06:1 0.203 NNL 1 0.1829 NNL 21 0.8192 NNL
16 Riparian coverage 0.64:1* 0.0002 NL 1:1* 0.0012 NL 2:1* 0.0411 NG

*For each compensation ratio, an asterisk indicates variables that differed between treatment and reference sites (P < 0.05).

determining differences in habitat productivity, the
gross disparity in physical area of compensated versus
impacted habitats was an overriding factor for many
projects. Unquestionably it is exceedingly difficult to
achieve equivalent habitat productivity when replacing
only a fraction of the habitat impacted (Quigley and
Harper 2005).

However, even if compliance was 100% it is unlikely
that the compensation projects would have achieved

NNL. Ambrose (2000) also demonstrated that com-
pliance success does not ensure ecological success and
highlighted the importance of quantitative rather than
subjective evaluations. National guidelines recommend
that DFO should “aim for minimum compensation
ratios of 1:1” (DFO 2002a), yet in our study close to
half of the projects would not have achieved NNL with
this ratio. In order to achieve NNL, Minns and Moore
(2003) advocate compensation ratios larger than 2:1.
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Table 3. Analysis of variance model statistics, their degrees of freedom, and probability levels of significance for
the diversity of fish, invertebrates, woody and nonwoody riparian species®

Project Variable af F statistic Pvalue
1 Woody riparian 1,2 13.18 0.0682
Nonwoody riparian 1,2 0.04 0.8532
Invertebrate 1,2 0.18 0.7112
Fish 1,2 0.34 0.6207
2 Woody riparian 1,2 1.46 0.3504
Nonwoody riparian 1,2 8.54 0.0999
Invertebrate 1,2 0.00 0.9786
Fish 1,4 n/a n/a
3 Invertebrate 1,2 1.71 0.3210
Fish 1,2 1.88 0.3041
4 Woody riparian 1,2 3.75 0.1924
Nonwoody riparian 1,2 0.06 0.8301
Invertebrate 1,2 0.52 0.5459
Fish 1,2 2.31 0.2678
5 Woody riparian 1,4 0.56 0.4944
Nonwoody riparian 1,4 0.39 0.5669
Invertebrate 1,4 0.09 0.7770
Fish 1,4 3.65 0.1286
6 Woody riparian* 1,4 69.23 0.0011
Nonwoody riparian 1,4 6.95 0.0578
7 Woody riparian 1,2 9.54 0.0908
Nonwoody riparian 1,2 0.08 0.8017
Invertebrate 1,2 0.08 0.8081
Fish 1,2 0.17 0.7217
8 Woody riparian 1,2 0.14 0.7433
Nonwoody riparian 1,2 1.02 0.4189
Invertebrate 1,2 6.48 0.1258
Fish 1,2 0.01 0.9182
9 Woody riparian 1,2 0.12 0.7577
Nonwoody riparian 1,2 0.52 0.5466
Invertebrate 1,2 1.47 0.3495
Fish 1,2 1.00 0.4226
10 Woody riparian 1,2 4.49 0.1682
Nonwoody riparian* 1,2 Infinity <0.0001
11 Woody riparian* 1,2 199.17 0.0050
Nonwoody riparian* 1,2 587.91 0.0017
12 Woody riparian 1,2 0.63 0.5101
Nonwoody riparian 1,2 0.22 0.6823
Invertebrate 1,2 0.44 0.5773
Fish 1,2 0.00 1.000
13 Invertebrate 1,2 0.00 1.000
Fish 1,2 0.00 1.000
14 Woody riparian 1,2 0.63 0.5092
Nonwoody riparian 1,2 3.70 0.1942
Invertebrate 1,2 1.62 0.3310
Fish 1,2 0.06 0.8306
15 Woody riparian 1,2 1.73 0.3192
Nonwoody riparian 1,2 2.27 0.2708
Invertebrate 1,2 0.56 0.5314
Fish 1,2 1.97 0.2954
16 Woody riparian 1,2 1.00 0.4226
Nonwoody riparian 1,2 7.47 0.1118

*Asterisk indicates variables that differed between treatment and reference sites (P< 0.05). Note that Project 2 contained a single fish species in all
sites rendering diversity comparisons between treatment and reference sites not applicable (n/a).

We found that although success improved with artifi-  supported by others (Kistritz 1996). Thus, even if pro-
cial ratios of 2:1, a substantial proportion of compen- jects were entirely compliant and created twice as much
sation projects still did not achieve NNL, a finding  compensation habitat compared to the HADD, the
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Habitat Policy goal of NNL would still not always be
achieved. This is alarming considering that the average
compensation ratio for all projects completed in
Canada between 1994 and 1997 was 1.1:1 (Harper and
Quigley 2003a), indicating that many projects did not
achieve NNL. In the present study, projects that suc-
cessfully achieved a net gain in habitat productivity
were characterised by actual ratios of approximately
5:1, although required ratios were up to an order of
magnitude larger for these projects. The need for lar-
ger compensation ratios has been echoed in the Uni-
ted States (Allen and Feddema 1996; Brown and Lant
1999).

Based on the simple metric of habitat area, it would
appear that Canada should be achieving a net gain of
habitat productivity (Harper and Quigley 2005a).
However, upon closer analyses, the actual areas of
compensation habitats are much less than required
and actual HADD areas are much larger than that
stated in authorisations (Quigley and Harper 2005).
Poor compliance rates, and the inability of file reviews
to determine actual gains in habitat areas, are common
findings in the United States as well (Ambrose 2000;
Zedler and others 2001). In Canada, not only is NNL
not being met spatially, but it is also not being achieved
temporally and functionally. Temporal losses of habitat
productivity are inevitable when compensation habitats
are developed after the HADD occurs. Furthermore,
temporal losses are exacerbated due to the time lag
until compensatory habitats function ecologically in a
manner comparable to preimpact conditions. In many
cases, the time lag may be considerable because some
projects will likely never achieve equivalent function-
ality. Time between HADD occurrence, compensation
development, and compensation functionality was not
a leading (and in many cases present) consideration in
the authorisations we studied. Similar shortcomings
have been identified in the United States (Brown and
Veneman 2001; Kunz and others 1988; Zedler 1996).

It seems clear that compensatory works were not
successful in completely offsetting the losses of habitat,
although they were successful in slowing the rate of
habitat loss. This is not altogether surprising, consid-
ering the general consensus of habitat managers in
Canada is that DFO is not achieving NNL (DFO 1997;
Metikosh 1997). Most fish habitat managers and sci-
entists agree that we are losing, and will continue to
lose, habitats and species if the magnitude, frequency,
and type of anthropogenic disturbances continue
(Applegate and others 1996).

However, limited success in achieving NNL to date
does not erode or invalidate the value of this goal of the
Habitat Policy; rather, it provides an impetus for

change. It is important to note that in our study, more
than one third of projects evaluated achieved either a
net gain or NNL in habitat productivity, indicating
potential to build on these successes. Challenges in
achieving functional equivalency at compensatory
habitats have also been reported in the United States
(Sudol and Ambrose 2002), and recommendations for
improvement have been compiled (Zedler and others
2001). It is conceivable that NNL may be attained if
some fundamental changes to compensation science
and institutional approaches are incorporated into
DFO’s habitat management program. Modifying man-
agement approaches based on the results of monitoring
and evaluation programs is a critical component of
adaptive management, yet often neglected (La Peyre
and others 2001). Although broad environmental pol-
icy reviews utilising ecological indicators at the national
and international level are increasing, they have yet to
be integrated into daily environmental decision-making
(La Peyre and others 2001). It is critical for Canada’s
fisheries resources for DFO to engage and respond to
feedback loops that foster the refinement, and in par-
ticular the implementation, of environmental policies.

Productivity can be considered the current yield of a
habitat (Gordon and others 1997), whereas productive
capacity incorporates the future potential. Our evalu-
ations were only a snapshot in time, and it could be
argued that some of the compensatory habitats will
achieve NNL in the future or at a different season of
the year. However, the HADDs exist year-round and
will doubtless last into perpetuity in many cases. We
would argue that compensatory habitats should offset
the HADD today, tomorrow, and into perpetuity, ra-
ther than in any particular season or future period.
Simply stated, compensatory habitat should be achiev-
ing NNL on any given day. Otherwise, Canada’s habitat
base will slowly erode due to accumulating temporal
losses of fish habitat.

Lack of pre-impact assessment baseline data and
limited monitoring data have challenged researchers’
abilities to draw conclusions in NNL studies (Cole and
Shafer 2002; Kentula and others 1992; Harper and
Quigley 2005a). Only one compensation project we
evaluated had quantitative pre-impact data (fish bio-
mass), and none had previously determined reference
sites. Ability to detect changes in productivity and
power of statistical analyses would be greatly improved
if reference sites (Brinson and Rheinhardt 1996) and
quantitative pre-impact data were routinely required
for compensation projects and rigorous experimental
designs were employed in monitoring programs
(Underwood 1991, 1993; Stewart-Oaten and Bence
2001; Pearson and others 2005).
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The fact that we did not detect considerable differ-
ences in diversity of species may be due to the tendency
for most of the projects to have implemented in-kind
compensation (rather than like for unlike). This
practice has been lauded due to its propensity to
maintain biodiversity (Race and Fonseca 1996; Allen
and Feddema 1996). Lack of an in-kind replacement
policy in the United States has resulted in an increase
in homogeneous wetland types and a decline in vege-
tation diversity (Allen and Feddema 1996). However,
insistence on like for like in highly disturbed land-
scapes (such as urbanised areas) is not always advisable
because the original landscape has essentially disap-
peared (Race and Fonseca 1996) and other ecological
or biophysical bottlenecks may frustrate compensation
attempts. Attention to limiting factors and compensa-
tion options lower on the hierarchy of preferences
(DFO 1998) would likely be more successful in these
instances.

In general, we found that compensation sites were
selected opportunistically rather than based on eco-
logical bottlenecks and potential for success, which
influenced the success of compensation habitats in
achieving equivalent productivity. Natural sites selected
for compensation often had environmental and bio-
logical limitations that were largely ignored. For
example, compensation sites selected for riparian
planting tended to have very low success in the present
study and others (Cole and Shafer 2002; Robb 2002;
Race 1985). The difficulty in establishing vegetation at
barren sites is not altogether surprising, because there
are generally good reasons why riparian vegetation is
not currently flourishing at these locations. An absence
of vegetation maintenance programs such as irrigation,
fertilisation, and weeding is likely a contributing factor.
Vegetation survival and therefore replacement of
functional values can be successful in compensation
projects that employ maintenance programs (e.g., a
large-scale drip irrigation system) (Allen and Feddema
1996; Sudol and Ambrose 2002). However, requiring
sites that do not currently support riparian vegetation
to be artificially irrigated may not be a wise strategy. If
natural hydrologic processes do not support a riparian
community, requirements to irrigate may only achieve
a partial community and result in sites that are unlikely
to be selfsustaining (Sudol and Ambrose 2002). Fur-
thermore, considering poor compliance rates (Quigley
and Harper 2005; Zedler and others 2001), irrigation
may never occur or certainly be short lived and there-
fore the site will eventually revert to the natural com-
munity it supported prior to compensation efforts.

Our paper quantitatively examined four compo-
nents of fish habitat, at three distinct trophic levels, to
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determine efficacy of compensatory habitat in repli-
cating habitat quality. In our study, it appeared that
indicators lower on the trophic level such as periphy-
ton and invertebrates were more responsive and/or
less variable and thus better at representing gross dif-
ferences in habitat productivity than fish biomass.
However, invertebrates and periphyton are rarely
measured in assessments of compensatory projects
(Breaux and Serefiddin 1999); rather, fish biomass
(Scruton 1996; Scruton and others 1997) and vegeta-
tive cover (Allen and Feddema 1996; Breaux and
Serefiddin 1999) have primarily been used to infer
habitat productivity. Our multimetric approach pro-
vided a more complete picture of habitat productivity,
rather than simply using fish biomass as an indicator.
Invariably, habitat alterations do not exclusively affect a
particular species in isolation of other biota (Minns
and others 1996). Furthermore, fish can be rather poor
indicator species because of their mobility, cyclical
populations, exposure to confounding influences
(ocean productivity, fisheries, etc.), and divergent life
histories. Indeed, for anadromous species it is possible
to have low escapements and pristine freshwater habi-
tat, as is the reciprocal.

An array of ecological indicators is preferable to
detect responses to habitat alterations (Minns and
others 1996). In many cases, selecting one surrogate of
habitat productivity, rather than an array of ecological
indicators at different trophic levels, would have led to
erroneous conclusions. For example, in Project 2,
greater biomass of fish was measured at the impacted
habitat (culvert) in comparison to the compensatory
habitat. However, invertebrate density and riparian

“vegetation were all negligible at the HADD site in

contrast to robust populations in the compensatory
habitat. Had we only evaluated fish as an indicator, we
would have missed important attributes of the ecolog-
ical picture of this site.

Compensation science and institutional approaches
need to improve in Canada if the conservation policy
of NNL of habitat productivity is to be met, as evi-
denced by the compensation projects assessed in this
study, of which only 37% achieved this goal. In the
United States as well, replacement of functional values
of wetlands has been limited (Sudol and Ambrose
2002; Ambrose 2000; Race and Fonseca 1996; Zedler
and others 2001). Canada’s poor performance in
achieving NNL is especially sobering considering that
our study only focused on site-specific impacts and ig-
nored hydrological affects and disruption to landscape
processes. Indeed, Hartman and Miles (1997) dem-
onstrated that one of the earliest compensatory
spawning channels (created in 1956) failed half a
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century later due to cumulative watershed impacts
from other development activities. The NNL policy
would be best practiced in a watershed or ecosystem-
based management context to ensure that landscape
processes that build and maintain habitats are consid-
ered. Although cumulative impacts due to poor per-
formance of Section 35(2) Fisheries Act authorisations
and associated compensation habitats are likely
occurring, our study and the monitoring requirements
for habitat compensation in Canada are poorly scaled
to capture long-term (>50 yrs) and cumulative ecosys-
tem effects.

Institutional shortcomings such as lack of monitor-
ing and maintenance have been identified as the cau-
ses for poor compliance with required compensation
areas (Shabman and others 1996; Brown and Lant
1999). Race and Fonseca (1996) argue that “concerns
about function are eclipsed by concerns about gener-
ating habitat in the first place.” The focus on habitat
quantity only may be flawed because we demonstrated
that artificially increasing compensation areas to ratios
of 2:1, by itself, was not sufficient to achieve a net gain
in habitat productivity for all projects. Likewise, Sudol
and Ambrose (2002) demonstrated compliance with
regulatory requirements was not sufficient to replace
wetland functions in the United States. Clearly, the
ability to replicate ecosystem function is limited, and
both improvements in compensation science and
institutional approaches are necessary. Recommenda-
tions to improve success include larger compensation
ratios, creation and documentation of the functionality
of compensation habitats prior to and concurrent with
HADDs, maintenance programs, increased monitoring
and enforcement, and attention to limiting factors on a
watershed basis (Zedler and others 2001). Improve-
ments in these areas will advance the success of habitat
compensation toward NNL. However, it is important to
acknowledge that it is simply not possible to compen-
sate for some habitats. Therefore, the option to com-
pensate for HADDs may not be viable for some
development proposals demanding careful exploration
of alternative options including redesign, relocation,
or rejection. Failure to acknowledge the limitations of
compensatory science will hinder Canada’s efforts to
conserve fish habitat and achieve the goal of NNL.
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