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Abstract

Marine protected areas (MPAs) are often created based on measures of biodiversity, abundances
and special community composition. These metrics can take years, even decades, to change and
therefore may not be useful for measuring the effectiveness of an MPA on the short term. Few
large offshore MPAs have been established and even fewer have high-quality time series
associated with them. Therefore data to even test what measures might be applied there are rare.
We suggest that fishing closures can be used as proxies.

The cod moratorium of 1992 in Atlantic Canada provides an opportunity to study potential
indicators that might be used to measure the effectiveness of MPAs. Overall trends in catch per
unit effort (CPUE) and mean size of individuals were examined for representative indicator
species in scientific fishery surveys conducted from 1978 to 2002. Prior to the moratorium, 11
species showed declines in abundance and 10 showed declines in size. After the moratorium, one
species showed an increasing trend in abundance while four exhibited increasing trends in size.
The early increasing trends in size rather than abundances are expected in light of the biology of
the species involved. For example, the generation time for the deep-water roughhead grenadier
(Macrourus berglax) is a minimum of 14 years and therefore it is extremely unlikely that
significant increases in numbers will be apparent in a short time frame. In fact, CPUE exhibited
no significant trend after the moratorium but the trend in size switched from a decline before to
an increase afterwards.

The combination of CPUE and mean size can possibly be used to indicate the effectiveness of
offshore MPAs on time frames required by managers and planners. This information, however,
must be used in conjunction with knowledge of the individual biology of species involved.

Introduction

Marine protected areas (MPAs) can have a wide range of objectives including conserving
biodiversity, protecting sensitive habitat, enhancing the production of target species, providing
refuge for intensively fished species, or a combination of these goals (Alder 1996, Allison et al.
1998). Specific goals for each MPA must be well defined at the onset of its creation and
designation (Day and Roff 2000). The establishment of these goals is necessary for determining
MPA success (Halpern 2003) and these goals should be measured in terms of MPA effectiveness
regularly.

Baker (2003) used species rich hotspots and critical habitat of species-at-risk to determine high
priority areas for potential MPAs in Canada’s Atlantic Ocean. There were distinct locations
where MPAs could be designated to protect diversity and species-at-risk. High priority areas
occurred in the Bonavista Corridor, the northern side of Hamilton Bank, Laurentian Channel, and
a portion of the southwest Scotian Shelf. The Bonavista Corridor was considered the highest
priority area for an MPA because it was home to abundant populations of all the species-at-risk
(except Cusk, Brosme brosme) and many hotspots occurred in this region. These sites were also
shown to have minimal conflict with on-going trawling and oil and gas stakeholders.



Although protecting regions with high diversity and abundant species-at-risk are common uses
for an MPA, metrics such as diversity and abundances can take years, even decades to change.
Therefore these metrics may not be useful for measuring the effectiveness of an MPA on the short
term. Studies demonstrating the effectiveness of MPAs are few, particularly in the offshore
environment. This does not indicate a lack of clear benefits but rather the difficulty of finding
areas where comparable results can be monitored (Day and Roff 2000). Most studies examining
MPA effectiveness deal with reef or coastal environments.

It has been found that if an area is not fished, the total abundance of fishes, their average size, and
their overall egg production can increase over that of an area that is fished (Klee 1999). Halpern
(2003) found that with few exceptions, MPAs lead to increases in density, biomass, individual
size, and diversity in all functional groups. It was found that density of organisms roughly
doubled and biomass nearly tripled in MPAs. As well, the diversity and mean size of organisms
within MPAs are between 20 to 30% higher than in unprotected areas. Russ and Alcala (1996)
found a significant correlation of both mean density and species richness of large predatory coral
reef fish with years of reserve protection. This trend was observed inside and outside the MPA’s
boundaries. Roberts et al. (2001) also found strong spillover benefits outside a series of MPAs in
St. Lucia. The fishery increased 46 to 90% within five years of establishing these MPAs.

Only two official MPAs have been designated by the Department of Fisheries and Oceans Canada
(DFO 2004). In 2003, the Minister of Fisheries and Oceans announced Canada’s first MPA: The
Endeavour Hydrothermal Vents in the Pacific. The Gully was announced as a designated MPA in
the Atlantic in 2004. Twelve other sites have been designated as “areas of interest”. Areas of
interest are designated to facilitate the evolution of the national MPA process, for early protection
and management, and to evaluate and demonstrate the effects of MPAs (DFO 2004).

Since very few offshore MPAs have been established in Canada and all have limited time series
data, these can not be used to study measures of MPA effectiveness. Instead a proxy must be
used to gain insight into these metrics. Although fishery closures do not necessarily offer
protection to a specified area, they can relieve fishing pressure. Therefore until significant time
series data for offshore MPAs are collected, fishing closures and associated fishery survey results
can be used to study potential measures of effectiveness.

On July 2, 1992 the Fisheries Minister announced there would be a two-year moratorium on
fishing the Northern cod stock on the north and east coast of Newfoundland (Lane and Palsson
1996, Woodrow 1998). In September 1993, the moratorium was extended indefinitely and
spatially extended to include most of eastern Canada’s fishing grounds. In fact, this moratorium
covered six of the seven Atlantic cod (Gadus morhua) populations, ranging from southern
Labrador to the continental shelf off eastern Nova Scotia (Myers et al. 1997). This fishery
closure remains in place today.

Methods

The data used in our study are the results of scientific survey cruises. These are conducted
annually by government fisheries agencies, usually in the spring and the fall, for the purpose of
assessing the state of commercial fish stocks. Since the 1970s, and uniformly since 1978, the
cruises in our area have followed a random stratified design with Atlantic cod the primary species
of interest. Each stratum, characterized mainly by depth, is divided into small fishing units of
approximately 2.5" latitude by 2" longitude and survey trawls are conducted within randomly
selected fishing units at standard tow speeds and durations (Doubleday 1981). In any one survey
year, more than 1000 demersal trawls may be made.



The data for all Canadian and US surveys to mid-1995 have been combined into one, the so-
called ECNASAP (East Coast of North America Strategic Assessment Project) Database (Brown
et al. 1996). We used a subset of this comprehensive database for the period 1978 to 1994 in our
study. Data for 1995 to 2002 were obtained from the Canadian Department of Fisheries and
Oceans (DFO). These data were collected and recorded in the same manner as for ECNASAP
but the collecting gear was changed in 1995, making direct comparisons between the two datasets
impossible. In both datasets, the basic information includes set number, cruise number, vessel,
depth, location, date, time of day, bottom salinity, bottom temperature and gear type. The
number and aggregate weight of each species caught in each set is recorded under a 6-letter
species code.

These scientific survey data have been developed only for the express purpose of assessing stock
status and levels in commercial fish populations. Nonetheless, because of their broad distribution
in space and time, standardization, comprehensiveness, and the fact that information on all
species encountered was recorded, the survey data have proven useful for other types of studies as
well. These include trends in size of exploited species (Haedrich and Barnes 1997),
biogeography and community structure (Mahon et al. 1998), fish community dynamics
(Villagarcia et al. 1999), impacts of deep-water fishing (Koslow et al. 2000, Haedrich et al.
2001), size-based trophic modeling (Martinez-Murillo 2001, 2003), quantifying changes in
occurrence (Moss 2002), biodiversity mapping (Baker 2003), and trends within and outside
Canada’s Exclusive Economic Zone (Williams 2004).

Drawing on this body of work, and because fishery surveys similar to those available to us in
Canada have been conducted in many parts of the world, our interest in the present study was to
determine whether such data might contain information that could be used to measure the
effectiveness of MPAs. In particular, we focused on abundance and mean size, two easily
derived metrics that have clear ecological implications.

The two datasets were analyzed independently because of the gear change in 1995, and because
the change took place halfway through the year information from 1995 was excluded from the
analysis. CPUE was calculated for each species by dividing the total number of individuals
caught by the number of tows at appropriate depths for the species that were sampled in that year.
Mean size was calculated for each species by dividing the total weight by the total number caught
in that year. CPUE and size were then plotted against year and analyzed by linear regression.
Trends were considered significant if the trend-line had a slope that differed from zero at the 95%
level, i.e. 19 times out of 20. The strength and direction of any trends observed were measured
by Pearson’s correlation coefficient, r.

Our interest was in trends over time, not absolute values, and so results were scaled to be
equivalent for presentation in the graphs. The scaling factor was the value from the Engels net in
1994 divided by the value for the Campelen net in 1996; this factor was applied to all Campelen
results (1996-2002). Our study area was the Grand Banks region where the data are the most
comprehensive, and stations outside the study area were removed from the data. Thus the area
we focused on comprised NAFO divisions 3KLNO inside Canada’s 200-mile limit.

Twenty-one species were chosen to study based on data availability and ecological and/or
economic importance (Williams 2004). The Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) currently recognizes four fish species-at-risk that occur regularly on the
Grand Banks: Atlantic cod, Atlantic wolffish (4dnarhichas lupus), northern wolffish (Anarhichas
denticulatus), and spotted wolffish (Anarhichas minor) (COSEWIC 2004). Three other species



which occur regularly on the Grand Banks and have sufficient available data are being considered
by COSEWIC: roughhead grenadier (Macrourus berglax), roundnose grenadier (Coryphaenoides
rupestris), and thorny skate (Amblyraja radiata). Seven additional species were considered
marine indicator species by Hamilton et al. (2003): American plaice (Hippoglossoides
platessoides), capelin (Mallotus villosus), deepwater redfish (Sebastes mentella), golden redfish
(Sebastes marinus), Greenland halibut (Reinhardtius hippoglossoides), witch flounder
(Glyptocephalus cynoglossus), and yellowtail flounder (Limanda ferruginea). Seven other
species were chosen as special interest species: Atlantic argentine (Argentina silus), Altantic
halibut (Hippoglossus hippoglossus), common lumpfish (Cyclopterus lumpus), goosefish
(Lophius americanus), haddock (Melanogrammus aeglefinus), pollock (Pollachius virens), and
smooth skate (Malacoraja senta). These make up the 21 species examined in this study.

Results

Prior to the moratorium, eleven species showed declines in abundance and ten showed declines in
size. No species showed increasing trends in CPUE and only one exhibited an increasing trend in
size. After the moratorium, one species showed an increasing trend and one a decreasing trend in

abundance. Four species exhibited increasing trends in size and one species showed a decreasing
trend (Table 1).

Table 1. Summary of trends in CPUE and size for all species examined using Pearson’s r.

CPUE Size
Species Before After Before After
American plaice -0.76 ns ns ns
Atlantic argentine -0.51 ns 0.71 ns
Atlantic cod ns ns ns ns
Atlantic halibut -0.75 ns ns ns
Atlantic wolffish -0.83 ns ns ns
Capelin ns ns -0.94 ns
Common lumpfish ns ns -0.71 ns
Deepwater redfish ns ns -0.59 ns
Golden redfish ns ns -0.85 ns
Goosefish ns ns ns ns
Greenland halibut ns -0.96 -0.92 ns
Haddock ns ns ns ns
Northern wolffish -0.93 ns ns ns
Pollack ns ns ns ns
Roughhead grenadier -0.83 ns -0.82 0.90
Roundnose grenadier -0.75 ns -0.60 0.82
Smooth skate -0.83 ns -0.50 0.84
Spotted wolffish -0.83 0.91 ns ns
Thorny skate ns ns -0.72 0.96
Witch flounder -0.72 ns -0.75 ns
Yellowtail flounder -0.61 ns ns -0.88

Bold values represent significant trends (95% confidence level). (ns) represents a non-significant
trend.

These findings must be examined in conjunction with the life-history traits and on-going fishing
pressure of the fish species in question. We focused on six species with varying life-history traits
and fishing history to examine changes in these metrics.
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Figure 1(a-f): Trends in CPUE and size of roughhead grenadier (a), roundnose grenadier (b),
spotted wolffish (c), smooth skate (d), deepwater redfish (e), yellowtail flounder (f). Triangles
represent mean size in kilograms and circles represent CPUE.

A long-lived fish with low productivity would be expected to take years, even decades to reach its
prior abundance after being subjected to on-going fishing pressure. The roughhead grenadier
lives up to 25 years, matures at approximately 14 years, and is known to have relatively low
productivity when compared to shelf gadoids (Cohen et al. 1990, Murua and Motos 2000).
Before the moratorium, this species exhibited a decreasing trend in CPUE (r = -0.83, p<0.05) and
size (r =-0.82, p<0.05). After the moratorium, CPUE showed no distinct trend and average size
exhibited an increasing trend (r = 0.90, p<0.05). Roundnose grenadiers live up to 60 years,
mature at 8 to 10 years of age, and are also known to have relatively low productivity (Bergstad
and Isaksen 1987, Kelly et al. 1997). CPUE exhibited a decreasing trend before the moratorium
(r=-0.75, p<0.05) and no distinct trend after the moratorium. Although average size showed a
decreasing trend (r = -0.60, p<0.05) before the moratorium, afterwards average size began to
increase (r=0.82, p<0.05).

Spotted wolffish and smooth skate are thought to be more resilient to change (Froese and Pauly
2004). Species which show higher resilience to change would be expected to exhibit increasing
trends in size and/or CPUE in the later data (after the moratorium). Recruitment could improve



to a point where many small individuals enter the system and therefore the average size would
begin to exhibit a decreasing trend, while CPUE continued to increase. Little is known about
smooth skate maturity and growth (Scott and Scott 1988). Smooth skate exhibited decreasing
trends in CPUE (r =-0.83, p<0.05) and average size (r = -0.50, p<0.05) in the early data. In the
later data, CPUE showed no trend and size began to increase (r = 0.84, p<0.05). Spotted wolffish
mature near 7 years of age and although fecundity is not considered high, survival of well-
developed eggs is considered successful (Scott and Scott 1988). CPUE of spotted wolffish
declined steadily from 1978 to 1994 (r = -0.83, p<0.05), but from 1996 to 2002 it exhibited a
strong increasing trend (r = 0.91, p<0.05). Average size showed no distinct trend before and after
the moratorium.

Fish species that continue to be the target of direct fishing pressure would be expected to show no
or very few signs of recovery. Deepwater redfish are known to be slow-growing and long-lived
(Scott and Scott 1988). This species is generally fished using both bottom and mid-water trawls to
allow for a 24-hour fishery. They exhibited no trend in CPUE before and after the moratorium.
Size exhibited a decreasing trend before the moratorium (r = -0.59, p<0.05) and no significant
trend after the moratorium. Yellowtail flounder became an important commercial fish on the
Grand Banks in the early 1970s and since then it has become a substantial addition to the
commercial fishery there. There is a directed fishery for this species by Canadian otter trawlers
and they are also caught as by-catch when fishing for American plaice (Scott and Scott 1988).
Yellowtail flounder are thought to be highly resilient. They mature at 5 to 6 years of age on the
Grand Banks and one mature female can lay millions of eggs (Froese and Pauly 2004). This
species exhibited a decreasing trend in CPUE between 1978 and 1994 (r =-0.61, p<0.05) and no
significant trend in CPUE between 1996 and 2002. The average size of yellowtail flounder
showed no significant trend before the moratorium and a decline after the moratorium (r = -0.88,
p<0.05).

Discussion

The results of this simple research suggest that fishing closures in combination with associated
fishery survey data can be used to examine potential measures of offshore MPA effectiveness.
The results indicate that average sizes of fish in combination with changes in abundance are
appropriate measures of effectiveness. Size may be a more appropriate short-term measure of
effectiveness, whereas changes in abundance may take many years to develop. Nevertheless, life-
history and current fishing pressure must be taken into consideration while examining trends in
these measures. It is extremely unlikely that significant increases in numbers will be apparent in
a short time frame for species with late maturation and low productivity. Species which are more
resilient to change, such as smooth skate or spotted wolffish, may show changes in size and
CPUE over a shorter period of time.

These results are similar to those found near or within tropical MPAs; decreases in fishing
pressure can cause increasing trends in size and abundance of fish species affected by the fishing
activity. Regardless of the exact goals of the specified MPA, an increase in the average size of
fishes is a good sign.

The fishes chosen in this study are influenced by many factors that were not examined in this
paper. Although fishing on the Grand Banks decreased substantially after the moratorium,
minimal fishing still takes place (Kulka and Pitcher 2002). Therefore, some of these fish are still
subjected to a directed or by-catch fishery. This may be limiting the ability of some fish species
to exhibit changes in size and abundance. The Grand Banks is not a closed system and therefore
our results may have been influenced by immigration. For example, larger grenadiers from
deeper areas where there is no fishing could have moved to the sample area. We recognize that



fishing closures are not the perfect scenario for studying measures of offshore MPA effectiveness,
but nevertheless using these data we were able to gain some insight about potential metrics of
effectiveness.

In the future, more appropriate areas may be found to study the effects and/or effectiveness of
offshore MPAs in Canada’s Atlantic Ocean. In September 2002, a 20 by 20 nmile portion of the
Hawke Channel was closed to all otter trawling and gillnetting. In 2003, this area was increased
to cover 50 by 50 nmiles to protect spawning juvenile cod (Rose pers comm. 2005). It is
currently protected from all forms of commercial fisheries (except crab traps) and other invasive
activity such as seismic exploration (FRCC 2003). It was created based on a joint effort made by
independent researchers, Labrador crab fishermen, shrimp fishermen, industry and DFO
management (Rose pers comm 2005). A similar “codbox” (The Bonavista Box) is still under
consideration by DFO. These will create future situations where more direct comparisons of
measures of effectiveness can be made between distinct areas.

It must be highlighted that many variables contribute to the success of an MPA. MPAs subjected
to uncontrollable external stressors from atmospheric, terrestrial and ocean sources are likely to
be ineffective (Jameson et al. 2002). Maliao et al. (2004) found that adequate enforcement and
investment of funds by local government in monitoring activities were necessary to achieve MPA
objectives. As well, it is widely recognized that adequate protection and thus success depends on
both compliance and enforcement (Roberts 2000). These factors and many others must be taken
into account before an MPA is established to heighten the potential for an effective MPA.
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