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A comparison of the areal extent of
fish habitat gains and losses
associated with selected
compensation projects in Canada

We conducted a review of studies that evaluated the effectiveness of fish habitat com-
pensation projects in achieving the conservation goal of no net loss of productive
capacity of fish habitat in Canada. Combined, the 103 compensation projects assessed
in the 10 studies created and/or restored 493,205 m2 of fish habitat to offset habitat
impacts totalling 1,142,648 m2. Most of the compensation projects assessed were a
result of impacts to estuarine and riverine in-channel habitats. Forestry and urban
development activities resulted in the greatest percentage of compensation projects.
Overall, 64% of the projects were deemed to have achieved no net loss. Fifty percent
of the projects had a compensation ratio (compensation area:impacted area) of less
than 1:1. The small number of studies found in the literature suggests that performance
evaluations are rarely conducted, limiting our ability to practice adaptive management.
We advocate that a national monitoring program be developed through which the
achievement of no net loss can be assessed on an ongoing basis.

Introduction

To counter the negative impacts that develop-
ment activities were having on fish habitat, the
government of Canada amended Canada’s
Fisheries Act in 1976 to include physical habitat
protection provisions that prohibit the harmful
alteration, disruption, and destruction (HADD)
of fish habitat, unless authorized by the Minister
of Fisheries and Oceans Canada (DFO). In 1986,
DFO implemented the Policy for the Management
of Fish Habitat (the Habitat Policy) to support the
physical habitat provisions of the Fisheries Act.
The Habitat Policy, the cornerstone of DFO’s fish
habitat management program, states that DFO’s
long-term objective is “the achievement of an
overall net gain of the productive capacity of fish
habitats.” This objective is to be achieved by
meeting the Habitat Policy’s goals: (1) fish habitat
conservation, (2) fish habitat restoration, and (3)
fish habitat development (DFO 1986).

To achieve the conservation goal, DFO applies
the Habitat Policy’s guiding principle of no net
loss (NNL) when proposed development projects
have the potential to result in a HADD and a net
loss of the productive capacity of fish habitat.
Under this principle, DFO requires the proponent
to relocate or redesign the proposed development
to avoid the potential HADD or to fully mitigate
any impacts the proposed development may have
on fish habitat (DFO 1986, 1998). If the HADD
cannot be avoided or fully mitigated, DFO will
then authorize the HADD under Section 35(2) of
the Fisheries Act if it is deemed acceptable. To
achieve NNL, DFO will require the proponent,
through the legally binding authorization, to com-

pensate for the unavoidable losses of productive
capacity of fish habitat that result from the
HADD. The proponent typically is required to
create or restore habitat to compensate for the
losses according to DFO’s hierarchy of preferences
(DFO 1986, 1998). The hierarchy includes a
range of compensation options from the most pre-
ferred option of creating or restoring like habitat
at or near the development site to the least pre-
ferred option of propagation.
Furthermore, the proponent typically is required
to conduct follow-up monitoring to assess the
effectiveness of the compensation measures taken
to conserve the productive capacity of fish habi-
tat. Follow-up monitoring is intended to allow
both the proponent and DFO to take an adaptive
approach to habitat compensation.

Since the implementation of the Habitat
Policy in 1986, DFO has authorized more than
2,500 HADDs across Canada, resulting in the
implementation of thousands of compensation
projects (DFO 2003). While the Habitat Policy
“provides objective statements against which the
department can measure its performance in fish
habitat management” (DFO 1986), few evalua-
tions of the performance of these compensation
projects in achieving NNL have been conducted
(Cudmore-Vokey et al. 2000). The importance of
evaluating whether these compensation projects
are achieving NNL has been recognized by the
Auditor General of Canada (1997), the Standing
Committee on Public Accounts {1998), and DFO
itself (Lange et al. 2001). In response, a national
evaluation program designed to assess the perfor-
mance of compensation projects in achieving
NNL was initiated in 2000. As part of this pro-
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gram, we compiled and reviewed all of the studies
in the peer-reviewed and grey literature that have
assessed habitat compensation projects to deter-
mine their success in achieving NNL. We provide
an indication of the types of projects that have
been assessed in Canada, what habitats have been
affected, and what habitat management
approaches have been used when compensating
for HADDs and monitoring the success of the
compensation works. We also provide a synopsis
of proponent compliance with authorization
requirements and the number of habitat compen-
sation projects achieving NNL.

Methods

Literature Collection

We searched for studies conducted between
1986 and 2002 that evaluated the effectiveness of
habitat compensation projects in achieving NNL
using the Aquatic Sciences and Fisheries
Abstracts (ASFA) database and the WAVES
database. WAVES contains bibliographic informa-
tion on peer-reviewed and grey literature relating
to fisheries and aquatic sciences in DFO libraries.
Government reports were also collected from
regional DFO offices across Canada.

Data Extraction

For each of the compensation projects assessed
by the studies, we recorded the project’s location,
the development activity (e.g., mining, forestry)
and construction work(s) (e.g., culvert installa-
tion) that resulted in the HADD, the HADD
areas, the compensation areas, the compensation
option used, and the duration of the post-con-
struction monitoring program. The time that had
elapsed between the implementation of the com-
pensation projects and their evaluation by the
studies was also recorded.

The fish habitats affected by the HADD and
the compensation were grouped into six habitat
categories: riverine in-channel, riverine off-chan-
nel, lacustrine, estuarine, marine, and riparian.
For each project, we recorded both the total
HADD and compensation areas and the HADD
area and compensation area within each habitat
category. The compensation ratio, the total com-
pensation area relative to the total HADD area,
was also calculated.

From each study, we recorded whether the pro-
ponent was compliant with the compensation
requirements stipulated within an authorization
(e.g., did the proponent construct the compen-
satory habitat?) and whether the compensation
project achieved NNL. These determinations
were made by the authors of the studies. Many of
the NNL determinations were based solely on a
comparison of the area of the habitat impacted as
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a result of the HADD and the area of the habitat
gained through compensation. For these projects,
the productive capacity of the impacted habitat
was assumed to be zero, and the habitat created or
restored as compensation was assumed to be fully
functional.

The type of assessment each compensation
project received in order to make a determination
on whether it achieved NNL was categorized as
either a file assessment, a compliance assessment,
an effectiveness assessment, or a research assess-
ment.

A file assessment consisted of an office review
of the compensation project files, including pre-
impact assessments, Fisheries Act section 35(2)
authorization, and post-construction monitoring
reports. A field evaluation of the compensation
project was not undertaken in a file assessment.
Compensation compliance and effectiveness were
typically determined based on a review of the
post-construction monitoring reports.

A compliance assessment consisted of a field
assessment of the compensation project that
included measurements of the HADD and/or
compensation areas and verification of the propo-
nent’s compliance with the compensation
measures within the Fisheries Act section 35(2)
authorization.

An effectiveness assessment consisted of a field
assessment that included areal measurements of
the HADD and compensatory habitats and esti-
mates of their productivity per unit area, usually
determined by sampling a suite of ecological indi-
cators such as invertebrate densities, fish biomass
and densities, and riparian and aquatic vegetation
growth rates. Pre- and post-construction compar-
isons of the physical areas and habitat
productivities of the impacted habitats (or refer-
ence habitats representing the HADD habitats)
and the compensatory habitats typically were con-
ducted.

A research assessment consisted of a field
assessment of the compensation project that uti-
lized an experimental design. Ecological
indicators of habitat productivity within the
HADD habitats (or reference habitats represent-
ing the HADD habitats) and the compensatory
habitats were sampled for several years before and
after the construction of the compensation pro-
ject.

Data Summaries

Data extracted from each study were pooled
and descriptive statistics, including mean + 1SE,
median, maximum, and minimum, were generated
to summarize and describe the HADD areas, com-
pensation areas, monitoring durations, and the
time that had elapsed between the implementa-
tion of the compensation projects and their
evaluation by the studies. We used a linear regres-
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fish habitat

Table 1. Survey of studies
conducted in Canada. The
total number of
assessments conducted
within the 10 studies was
109; however, 6
compensation projects
were assessed twice by
different studies.
Therefore, the total
number of compensation

projects assessed was 103.

sion to examine the relationship between HADD
areas and compensation areas. Raw data were
log(x+1) transformed to meet assumptions of
parametric tests. We used an analysis of covari-
ance {ANCOVA) to determine if the regression
line was significantly different from the line repre-
senting compensation area=HADD area. All tests
were considered significant at P < 0.05. All statis-
tical analyses were performed using SAS (SAS
Institute 2001).

Results

Survey of Studies
We found 10 studies containing 109 NNL

assessments of 103 compensation projects (Table
1). The projects comprise 4.0% of those autho-
rized during the study period (DFO 2003). One
study was national in scope. The other 9 were dis-
tributed among three provinces: British Columbia
(7), Ontario (1), and Newfoundland (1). Eight of
the studies were published as government reports
and 2 were published as journal articles. Of the
109 assessments conducted by the 10 studies, 96
were a combination of file reviews and compliance
assessments, 12 were effectiveness assessments,
and 1 was research. The average amount of time
that had elapsed between the construction of the
compensation projects and their evaluation by the
studies was 4.2 years {max: 12; min: 1; n = 99;
could not be determined for 4 projects). Several
studies assessed compensation projects that were
specific to certain development activities, habitat
categories, or compensation techniques.

Project Details

The 103 compensation projects assessed by the
studies resulted from 9 types of development
activities and 23 types of construction works. The
development activities that were associated with
the greatest percentage of compensation projects
assessed by the studies included urban develop-
ment (23%), forestry (20%), private land
development (20%), and roads and highways
(16%). Of the 23 construction works identified,
bank stabilization (17%), log handling facilities
(13%), dock installations (7%, and channel relo-
cations (7%) were associated with the greatest
percentage of compensation projects.

Together, the compensation projects created
and/or restored 493,205 m2 (N = 96) of fish habi-
tat to offset HADDs totalling 1,142,648 m? (N =
95). For 8 compensation projects, HADD areas
were not quantified. Compensatory habitat areas
were not quantified for 7 compensation projects.
The mean HADD and compensation area per pro-
ject was 12,025.2 m? (SE = 5,627.6) and 5,137.6
m? (SE = 1776.4), respectively. For one compen-
sation project the HADD did not occur (even
though the compensatory habitat was con-
structed). For seven compensation projects the
compensatory habitat no longer existed or had not
been constructed (although the HADD had
occurred). Eighty-six percent of the HADD and
compensation areas were less than 1 ha. The mean
HADD and compensation areas less than 1 ha
were 1,684.1 m? (SE = 250.4; n = 82) and 1,310.8
m? (SE = 198.2; n = 83), respectively.

Location of study

Publication type

Assessment type Projects assessed

British Columbia

Scruton (1996) Newfoundland Journal article Research 1
Table 2. The frequency Frequency Area (m2)
and total area of HADDs . . - . 5
Habitat categories HADD Compensation HADD Compensation Balance (m?2)

and compensation within
each habitat as a result of
the 103 compensation
projects.

20

Riparian 14 9

9,709 11,077 1,368

................................................................................................................... 271,340 ...308892 L2t
Marine 577,464 11,976 “565,548
Total 1,142,398 493,205 -649,193
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The majority of the compensation projects
assessed by the studies were the result of HADDs
in estuarine and riverine in-channel habitats
(Table 2). The riverine in-channel and marine
habitat categories sustained negative habitat bal-
ances as a result of the 103 projects. The largest
habitat impact from a single project occurred in
the marine habitat category. This project’s HADD
negatively impacted 505,000 m? of marine habi-
tat, and accounted for 44% of the total HADD
area for the 103 projects. The riparian, riverine
off-channel, lacustrine, and estuarine habitat cat-
egories sustained net gains in habitat area as a
result of the 103 projects. The largest gain in area
(154,300 m?) from a single project occurred in the
estuarine habitat category, representing 31% of
the total habitat gained through compensation.

Compensation ratios could be deduced for 92
of 103 compensation projects (Figure 1). Of these,
46 had HADD areas that were greater than the
compensation areas (i.e., a compensation ratio of
less than 1:1), 37 had compensation areas that
were greater than the HADD areas, and 9 had

compensation and HADD areas that were equal.

There was a direct and significant relationship
between HADD areas and compensation areas
(R = 0.38; Fj gp = 56.45, P < 0.0001), and the
slope of that relationship was significantly differ-
ent from 1 (ANCOVA; Fj 151 = 7.43; P = 0.0007).
Figure 1 indicates that projects with HADD areas
greater than 95 m? were generally being compen-
sated for at a rate of less than 1:1. Projects with
HADD areas less than 95 m? were generally being
compensated for at a higher rate than 1:1.

The distribution of compensation options
closely followed DFO’s hierarchy of preferences
with most projects involving the creation of like-
for-like habitat as compensation (Table 3). The
second and third compensation options in the
hierarchy, increasing like-for-like habitat produc-
tivity and creating unlike habitat, were each used
in 29 projects. The least preferred hierarchy
option artificial propagation was used as a com-
pensation option for only one project. One of the
projects used a compensation option that was out-
side of the Habitat Policy’s hierarchy of
preferences. In this instance, guidelines were to be
developed as compensation for a HADD resulting
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Figure 1. Compensation areas as a function of HADD areas for 92 compensation projects. Eleven compensation projects were not included because
HADD and/or compensation areas could not be quantified from the studies. The hatched line on the figure represents compensation area = HADD
area (i.e., a compensation ratio of 1:1). The slopes of the lines were significantly different from each other (ANCOVA; F1(181 =7.43; P = 0.0007).
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Table 3. The number of
projects employing a given
compensation option from
DFO’s hierarchy of
preferences. Options are in
order of decreasing
preference.

from road construction. Seventeen of the 103 pro-
jects used 2 compensation options when
compensating for HADDs.

Of the 103 projects assessed, post-construction
monitoring of the compensatory habitat was
required for 52 of the projects. Another 29 pro-
jects did not require monitoring. For 22 of the
projects, it could not be determined whether mon-
itoring was required. Of the 52 projects that
required monitoring, the mean duration of the
monitoring period was 3.6 years (SE = 0.4). The
maximum monitoring period was 15 years and the
shortest monitoring period was 1 year.

Of the 103 projects assessed, 86 were found to
be compliant with their authorizations, and 66
were determined to have achieved NNL. Of those
that were deemed to have achieved NNL, 39 had
compensation ratios of 1:1 or greater, 20 had com-
pensation ratios of less than 1:1, and for 7 projects,
the compensation ratios could not be quantified.

Discussion

One of the principle findings of our work is
that half of the compensation projects assessed
had compensation areas that were smaller than
the HADD areas, leaving an estimated 65
hectares of impacted fish habitat uncompensated.
More than a third of the compensation projects
assessed by the 10 studies were determined not to
have achieved NNL. It is clearly difficult to
achieve NNL when replacing only a fraction of
the habitat lost on a project-by-project basis. This
should be cause for concern as these results stem
from only 4% of the total number of projects that
have been authorized under the Fisheries Act
(DFO 2003).

While over half of the compensation projects
were deemed to have achieved NNL, the reported
percentage should be interpreted cautiously since
most of the NNL determinations made by the
studies were based on the results of qualitative file
reviews and compliance assessments. Few of the
NNL determinations were based on the quantifi-
cation of the net change in productive capacity as
a result of the compensation project, and in many
instances, the productive capacity of the impacted
habitat was assumed to be zero, and the habitat

created or restored as compensation was assumed
to be fully functional. It should also be noted that
even if proponents are fully compliant with the
compensation requirements of an authorization,
this does not guarantee that the compensatory
habitat will achieve an equivalent or greater pro-
ductive capacity than what was lost as a result of
the HADD. Studies in the United States examin-
ing the effectiveness of wetland compensation
projects in achieving NNL under Section 404 of
the Clean Water Act have documented that com-
pliance with wetland compensation requirements
rarely results in ecological functionality or viabil-
ity of the compensation (Ambrose 2000; NRC
2001).

Our results demonstrate that a compensation
ratio of 1:1 was not achieved for half of the pro-
jects assessed. The required compensation ratio for
most of these projects likely was 1:1 or greater, but
due to proponent non-compliance with the
requirements of the authorization or failure of the
compensation over time (e.g., in-filling of a chan-
nel), the actual compensation ratio when assessed
was less than 1:1. The Practitioners Guide to
Habitat Compensation for DFO Habitat
Management Staff (DFO 2002) suggests that prac-
titioners should aim for greater than a 1:1
compensation ratio due to the uncertainty of suc-
cess of habitat compensation, the variability in
the quality of the fish habitat being replaced, and
recognition of the lag time required for the com-
pensatory habitat to become functional. This is
sound conservation policy, but Minns and Moore
(2003) go further and argue that a minimum com-
pensation ratio of 2:1 should be required when
replacing like habitat until the uncertainties asso-
ciated with measuring the productive capacity of
existing and created habitats can be greatly
reduced from current levels. Given our findings
and the uncertainties associated with measuring
productive capacity, resource managers should
consider adopting a precautionary approach and
increasing minimum required ratios to 2:1 to
increase the likelihood that NNL of productive
capacity will be achieved.

Creation of like-for-like habitat was the com-
pensation option most frequently selected. This

Hierarchy option

Number of projects

Creation of like-for-like habitat in the same ecological unit to benefit affected populations 49

ological uni
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result was expected as creation of like-for-like
habitat is the first option in DFO’s hierarchy of
preferences. Negative habitat balances still
occurred in two of the six habitat categories possi-
bly due to the selection of compensation options
such as the creation or restoration of unlike habi-
tat which may have resulted in a gain in one
habitat category at the expense of another.
Indeed, habitats perceived by natural resource
managers to have lower value (e.g., subtidal habi-
tat) have been demonstrated to incur larger
relative losses than others (e.g., inter-tidal marsh
habitat) (Kistritz 1996). Potentially subjective
habitat value determinations made by resource
managers when selecting a compensation option
such as the creation of unlike habitat could result
in unforeseen cumulative effects and difficulties in
maintaining biodiversity, although consideration
of unlike habitat compensation has been lauded in
cases where limiting factors have been addressed
(NRC 2001). Systematically tracking gains and
losses within each habitat category, both region-
ally and nationally, would allow resource
managers to manage habitat more proactively and
ensure that positive habitat balances and biodi-
versity are maintained.

We found that post-construction monitoring
was not required for over a quarter of the projects,
and when monitoring was required, it was typi-
cally short in duration. Post-construction
monitoring of compensation projects represents
one of the only opportunities for resource man-
agers to gauge the effectiveness of their habitat
management actions and the effectiveness of
habitat compensation in achieving NNL.
Quantitative pre- and post-construction monitor-
ing should be a requirement of every
compensation project to ensure adaptive manage-
ment occurs. Moreover, consideration should be
given to increasing the duration of post-construc-
tion monitoring periods beyond the mean of 3.6
years found in this study. The temporal scale of an
ecosystem response to a habitat alteration is typi-
cally greater than the scales of human
interventions and assessment {(Minns et al. 1996).
When deciding on the duration of post-construc-
tion monitoring, resource managers should
consider the time required to detect a response
from a given habitat alteration, the longevity of a
given restoration or creation technique, and the
probability and variability of its success (Roni et
al. 2002). Most compensatory habitats will require
5 to 20 years of monitoring before their long-term
functionality and sustainability can be ascertained
(Kondolf and Micheii 1995; NRC 2001; Roni et
al. 2002).

Finally, in reviewing the literature, it is appar-
ent that few studies evaluating the performance of
habitat compensation in achieving the Habitat
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Policy’s conservation goal of NNL have been con-
ducted in Canada. While the implementation of
the Habitat Policy in 1986 did lead to an increase
in scientific research relating to fish habitat and
fish ecology (Minns 2001), there has not been a
corresponding increase in scientific studies exam-
ining the effectiveness of habitat compensation
measures and habitat management decisions taken
to conserve fish habitat. Instead, research relating
to the Habitat Policy and habitat compensation
has been focused primarily on developing scien-
tific frameworks to determine how a given habitat
manipulation will affect the productive capacity
of fish habitats {Jones et al. 1996) or how to assess
the net change in the productive capacity of fish
habitats affected by development activities and
associated compensation projects (Minns et al.
1995; Minns 1997, 2001; Minns and Moore
2003).

Of the studies that have been conducted, many
employed qualitative methodologies (e.g., file
reviews and compliance assessments) rather than
quantitative methodologies (e.g., effectiveness
assessments) when evaluating the compensation
projects. That is, they based their conclusions on
the effectiveness of the compensation projects on
best professional judgement or indirect data
sources rather than collecting and statistically
interpreting numeric data (Mason 2002). While
the degree of rigor and the methods employed in
each study were likely commensurate with avail-
able resources, the qualitative information
provided by these studies limits the extent of
inferences that can be drawn from them. The lack
of quantitative studies evaluating the performance
of habitat compensation projects in achieving
NNL is cause for concern as it unquestionably
constrains DFO’s ability to adaptively manage its
habitat management program. Management
actions, including fish habitat compensation pro-
jects, should be treated as experiments such that a
heuristic approach to habitat management can be
adopted (Minns et al. 1996). This will enable
DFO to adjust its management approaches and
tools based on knowledge gained through these
experiments so that future management actions
can better conserve fish habitat and ensure the
protection of our fish species. Resource managers
and scientists clearly need to start working
together to develop a scientifically-based national
monitoring program through which the effective-
ness of management actions taken to protect and
conserve fish habitat, including fish habitat com-
pensation measures, can be ascertained on a
continual basis.
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HUTTON JUNIOR FISHERIES BIOLOGY PROGRAM
New deadline: February 15, 2005

2005 Applications now being accepted!

Don't miss this opportunity to share your expertise and help shape the fisheries biologists of the future!
Recruit students now for the Hutton Class of 2005!

Mentor and student applications and the request form for recruitment materials can be downloaded now from
www.fisheries.org
For more information, e-mail hutton@fisheries.org
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