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INTRODUCTION

Many of British Columbia’s freshwater fish have complex origins and include vareties

that are found nowhere else in the world. Fifteen thousand years ago B.C. was covered in

ice, which swept the province clean of freshwater fish leaving only a few species in

glacial refuges (McPhail and Carveth 1992). The process of receding glaciers provided

two key components required for rapid speciation; the creation of novel environments

and geographic isolation (McPhail and Carveth 1992). As glaciers receded, the province

provided novel freshwater habitat for colonization of freshwater and marine fishes.

However, recolonization conditions were harsh and only select species could survive the

dispersal. As glaciers receded further, dispersal conditions ameliorated and drainage

patterns stabilized near current day conditions. Freshwater fish are notoriously poor

dispersers, thus, those able to colonize these newly created freshwater environments

became geographically isolated from the central population. Isolated fish species in

completely novel environments began to diverge morphologically and genetically from

ancestral populations. Essentially, Glaciation in BC provided an arena for rapid

speciation, and a catalyst for the creation of biological diversity of freshwater fish

(McPhail 1993). In a sense, these fish are “made in B.C.” (McPhail and Carveth 1992),

and have been shaped by our unique landscape and glacial processes.

The three-spined stickleback is a marine pre glacial remnant which colonized B.C.

freshwater in post glacial times (McPhail and Carveth 1992). The supposed marine

ancestral variety is ubiquitous along the entire coast of B.C. It spawns in freshwater

streams, inlets, and accessible lakes. Juveniles venture out to sea in their first year and

return to spawn at the end of the year. Geographically isolated lake species have diverged

from their marine ancestor and spend their life entirely in freshwater. This species is also

ubiquitous and distributed all over B.C. In some regions the species is considered a pest

due to massive population numbers.

Intermediate between the purely freshwater and marine sticklebacks are countless stream,

wetland, swamp, inlet, and estuary varieties (Witler and McPhail 1984). The stickleback



is incredibly variable and seems able to adapt to a wide range of environmental

conditions. Different ecotypes of this species often interact or end up in similar

environments. The degree to which ecotypes interbreed, or the extent of reproductive

isolation, is debated (Ridgeway and McPhail 1983). This question overlies how we define

distinct species of sticklebacks and our ability to preserve unique varieties.

The focus of this case study to examine stickleback species pairs believed to have

undergone sympatric speciation. Within B.C, there are five lakes, Enos, Paxton, Priest,

Hadley, and Emily lake, where a parallel sympatric speciation process is believed to have

occurred (Lavin and McPhail 1992). The divergence of these species from an ancestral

marine population is unique among B.C.’s and the world’s sticklebacks, but not

necessarily to BC fish. During glacial recolonization, a possible ‘double invasion’

scenario is believed to have occurred (McPhail 1983). The first invasion isolated variety

of marine stickleback. These populations adapted to freshwater conditions, therefore

survived glaciation, and diverged somewhat from marine varieties. A second invasion, or

colonization event, introduced another wave of marines. These two populations began a

process of further divergence and speciation resulted into two morphologically distinct

forms described as limnetics (marine invaders from second invasion) and benthics

(original inhabitants). This process of speciation was primarily driven by adaptation to

different food resources in the lakes (Bentzen and McPhail 1984). The marine invaders,

limnetics, were better adapted for feeding on phytoplankton suspended in the water

column. Competition for this food source drove the existing population (benthics) to

adopt a more littoral lifestyle and feed primarily on invertebrates in the sediments.

Reproductive isolation between these two morphological forms prevented the two

populations from interbreeding and collapsing into a single hybrid swarm (McPhail

1983).



CONSERVATION STATUS OF THE STICKLEBACK SPECIES PAIRS

Range

Currently only four pairs of these stickleback species are known. They are found in Enos

Lake on Vancouver Island, and Paxton Lake, Priest Lake, Emily Lake on Texada Island.

Until 1991, when the population went extinct, Hadley Lake on  Lasqueti island also had a

species pair.

Endangered status

In May of 2000 the benthic and limnetic varieties of sticklebacks in Paxton Lake were

listed by the COSEWIC list as endangered, whereas the Enos Lake population is listed as

threatened. No population is currently protected by park designation or by a wildlife

reserve.

Range Decline

If we consider the species pairs as a single conservation unit the rate of range decline

over the last 10 years is 20%. When the Hadley Lake population went extinct in 1991 the

total range was cut by one fifth over 2 years. Despite this decline in range, the

endangered status of the species in the conservation unit didn’t change. If we apply the

classification of the International Union for the Conservation of Nature (IUCN) for

endangered species designation then the observed rate of decline would put sticklebacks

in the ‘Endangered’ category, as opposed to the ‘Vulnerable’ category as they are

currently classified (IUCN 2001).

Population Size

Until 1999, there had been no quantitative estimates of population size or relative

abundance in any population of sticklebacks pairs. In 1984, Bentzen and McPhail (1984)

did a year round sampling survey of Enos Lake sticklebacks to track spatial and seasonal

distributions of limnetics and benthics. This has been the only known attempt to discern

seasonal cycles in species distribution and abundance. Using this year long process and

past experience, Don McPhail (1988) estimates the population of Enos Lake sticklebaclks



to be 200 000 (100 000 limnetics and 100 000 benthics). At that time there had been no

signs of population decline. However, these estimates predate the colonization of Enos

Lake by crayfish and expanding rural and resort developments.

In the section ‘Population Estimation’ we present an attempt to obtain an empirical

estimates of population size. We conducted a mark and recapture experiment at Enos

Lake in mid October, and repeated it in the spring of the following year. The analysis

indicates that the population of benthics is far below (less than half) the population

estimates put forth in the COSEWIC status report (McPhail 1988).

THREATS TO STICKLEBACK SPECIES PAIR

Exotic species introduction

The introduction of Catfish and Pumpkinseed are the primary threats to the stickleback

populations. Catfish are nocturnal predators that supposedly raid stickleback nests and

feed on their eggs. The rate of decline for a stickleback population following the

introduction of catfish is so dramatic that a rescue effort would have to involve removing

as many sticklebacks as possible whereby translocating the population (McPhail and

Carveth 1992) or eliminating the catfish and attempting a reintroduction. Both options

would put the population through a potentially severe bottleneck. The introduction of

Pumkinseed has also resulted in the depletion of a stickleback population in Cowichan

Lake. The mechanism of Pumkinseed depletion of sticklebacks is unknown but likely

relates to the establishment of male territories during breeding (McPhail 1988).

Habitat “Loss”

In the futur, habitat loss will be the greatest concern due to increasingly

developmentaround the four lakes. McPhail and Carveth (1992) regard habitat loss as a

significant factor influencing stickleback population decine.  To remedy the situation,

they recommend restricting development with a buffer zone around the lakes and

possibly translocating the species to more remote regions. They view this latter option as

the best way to ensure the species survival in the future (McPhail and Carveth 1992).



Another concern for the Enos Lake population is that increased development in Nanoose

Bay and the accompanying Fairwinds golf course may increase water demands on the

Lake that is currently being used as a reservoir. It is possible that significant summer

drawdown of the reservoir may interfere with nesting behaviors of the sticklebacks.

Severe changes in water level may make them more vulnerable to predation during

mating, or may reduce the available area suitable for nesting. Reservoir drawdown may

also change food resources available to the pelagia or the benthos thus potentially

changing the competitive arena of these two stickleback species.

Changes in Trophic Interactions

The crayfish populations were first noticed in Enos Lake in 1991. The relationship

between crayfish and sticklebacks is unknown, although there is evidence that crayfish

cohabit streams in the Greater Vancouver region with stream variety sticklebacks.

Although there is no evidence of direct crayfish predation on sticklebacks, potential

impacts of crayfish include: overgrazing of macrophyte populations, disturbance of

stickleback nesting sites, aggressive exclusion of sticklebacks from benthic resources,

and nest site disturbance during stickleback mating season (Nystrom et al. 1996, Guan

and Wiles 1996).

Uncertainty

The level of uncertainty surrounding the threats and potential impacts of development on

the stickleback species pairs is high. In the last ten years we believe that the conservation

status of the stickleback should be considered more carefully. In an attempt to address

some of this uncertainty we attempted a population estimation by mark-recapture on the

Enos Lake stickleback population on Vancouver Island.



POPULATION ESTIMATION BY MARK AND RECAPTURE

 The basic idea behind mark and recapture experiments is to establish a known population

size of marked individuals and then sample from this population. The marking event

creates a known population (Mt). At each recapture event, in which we catch (Ct)

individuals, Rt of them are marked. Population size can be estimated by the ratio of

marked to unmarked individuals (Rt/Ct) times the known population of marked

individuals, N=(Rt/Ct)*Mt. This model has numerous assumptions including (1) all

animals are equally catchable, (2) the population is closed (no migration or emmigration

during the study), and (3) there is no behavioural changes in individual catchability over

the period of the study.

If we do multiple mark and recapture events our estimate of population size follows a

binomial distribution as described in Gazey and Staley (1986). The confidence in our

estimate is defined by the variation in the distribution. Repeating the mark and recapture

process several times typically minimizes the variation. The algorithim for the Bayes

mark and recapture method that we used can be found in Gazey and Staley (1986).

Enos Lake is situated in Nanoose Bay on Vancouver Island and is used as water supply

for Department of National Defense and the surrounding residential region. We

performed two mark and recapture experiments, one in October 1999, and a subsequent

one in February 2000. In October, we only did a single mark and a single recapture event

in 3 days. In February, we had four marking events and five recapture events over 6 days.

RESULTS

Based on the two sampling sessions (fall and spring) we estimate the population of

benthics to be 37000 with 2.5 and 97.5% quantiles at 30,000 and 47000 respectively. For

limnetics we estimate the population size to be anywhere between 12000 (2.5%) and

77000 (97.5%) with a mean of 22000. The high variability in the limnetic estimate is due

to low catch rate on all trapping attempts.  Table 1 shows the catch statistics on



successive days, and Table 2 shows the summarized results in mean and quantile form.

Figures 1 and 2 show the distribution obtained for benthics and limnetics. Figure 3 shows

the progressive change in the population estimate as a function of sampling repitition.

Each distribution was used as the prior distribution for each successive population

estimate. The final distribution is shown in figures 1 and 2. Figure 4 shows (1-CDF) of

the final distribution used for population estimation. This last graph allow us to assess

probability of a minimum population size, and can be used as an index of probability of

extinction if we ever ascertain what a minimum viable population may be. From the 2.5%

quantiles of figures 1 and 2 (shown in table 2) we can say that the minimum population

size of the benthic and limnetic populations are 30 000 and 12 000 respectively.

Figure 1 Final bayes estimate of benthic population size in Enos Lake.
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Figure 2 Final bayes estimate of limnetic population size in Enos Lake

Figure 3: Sequential estimation of benthic population in Enos Lake using methods

described in Gazey and Staley (1986). P(N | R#-R#) indicates the probability of

population size N given the number of sequential recapture events. P(N | R1-R5) is the

same distribution as shown in Figure 1.
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 Figure 4: Shows the probability of a minimum population size for each limnetic and

benthic species. There is a 97.5% probability that the population size of the benhics is

greater than 30000 individuals. For limnetics this value is only 12000. This graph is

simply one minus the continuous density function (CDF) of the probability density

functions shown in figures 1 and 2.

Limitations of the mark-recapture method

The above analysis has several assumptions that were in a large part un-resolvable using

the methods that we did. First we assume that from October to February the population

remains closed. This assumption is likely violated since many of the smaller size classes

of stickleback recruited into the trapable population by February. Also we can not assume

100% survival of the trapable population from October to February. Given these two

problems our assumption of constant population size throughout the year is likely

unfounded. Second, on our return in February we recaught fish that we had marked in

October, however, since we did not use distinctive marks in February we have only a

point estimate of benthic survival over the months from October to February. The third

problem was a matter of limited time between recaptures in February so as to allow

adequate mixing of the stickleback population. The mark-recapture method is violated if

individuals that are marked don’t ramdomly mix with the unmarked population. We

marked the fish on one day and immediately returned the trap to the same location to
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collect again the following day. A better approach would have been to wait a few days

between successive recaptures, or, devise some way to ramdomly mix the marked

population throughout the lake.

These problems with the method are in a large part fixable given more time and careful

consideration. The first problem can be addressed by sampling at the same time of year

over a shorter time period when sticklebacks will not recruit into the trapable population.

Spring is likely the best option. The second problem can be solved by doing repeated

recaptures without marking on sampling occasions where the trapable population size

may have changed and there are still marked fish to be caught. The third problem can be

addressed simply by leaving more time between recaptures.

RECOMMENDATIONS FOR RECOVERY

There are many tools at our disposable to recover endangered species and prevent their

extinction (for a comprehensive review see Matthews et al. 2000). Below we discuss the

relative contribution of each method for the recovery of the stickleback species pair.

Voluntary Methods

Voluntary methods of protection are the most suited for the protection of the stickleback

species pairs for several reasons. First, the species range is very small so it would be

practical to make localized landowner agreements with those involved. Second, a high

percentage of the species range is on private land, and as a result land acquisition would

be required for park status designation. Land acquisition in such scenarios can be very

costly and time consuming.

Voluntary methods make a lot of sense for the Enos Lake stickleback recovery because

the lake is part of the community and volunteers can likely be recruited for monitoring

activities and general involvement. The current land manager, Dave Scott, seems to be

very interested and willing to become involved with future research projects (Scott 2000).



Educational methods

When there is a high threat of exotic species introduction, and subsequent habitat loss,

education is an effective tool for recovery. Educating residents about the threats from

catfish introduction is particularly important to prevent extinction over the long term.

Although uncertainty in other threats are fairly high, the threat of catfish is well known

and can be presented to the public and landowners early in the recovery process.

The high rate of decline, that can result in the event of a catfish invasion, suggests that

education may not stand alone as a tool for successful recovery. When such a risk is

fairly high we should not rely on  educational campaigns but rather look to more

regulatory means of recovery. In the case of the Enos Lake Stickleback, the landowner

essentially restricts public access to the lake thus securing it from human disturbance.

This policy is reassuring but is not consistent for all species pairs.

Research methods

Based on the high uncertainty of threats to the stickleback populations a strong emphasis

on research is suggested. Perhaps the priority for research is to repeat the above

population estimation in other lakes to get a comparitive density of each species in the

four lakes in which they are present. Another project that could be initiated is to monitor

a relative population index based on variable reservoir drawdown from Enos Lake. Part

of this research could involve monitoring the quality of the water and seeing if there is a

correlation between the degree of drawdown, the stickleback abundance, and the water

quality. Another area of research is potential changes in trophic interactions resulting

from drawdown in Enos Lake, or from the recent invasion of crayfish.

Property-based methods

Property acquisition methods are somewhat incompatible with the Enos Lake stickleback

population mainly due to the potential cost. The current landowner manages the land as a

water reservoir and therefore from a water quality perspective, it is advantageous not to

develop too close to the lake, or within the catchment grounds. Therefore, the

management is somewhat compatible with the needs of the endangered species, and thus,



we are not too concerned with acquiring the land to prevent development. Nonetheless,

the stickleback may still be susceptible to severe drawdowns in the summer and perhaps

there needs to be some agreement as to the appropriate timing of maximum water use so

that we don’t get recruitment failure.

Regulation

In the 1988 Enos Lake Stickleback Status Report, McPhail notes that any form of

regulation is very unlikely to be successful in preventing little boys from catching and

releasing catfish into Enos Lake. We agree with this suggestion and that the focus of

receovery plans should move toward voluntary methods described above.

Intrusive Methods (Translocation and Captive Breeding)

We believe that intrusive methods are premature at such an early stage of recovery

planning. It seems unreasonable under the current status to pursue translocation, or even

worse, captive breeding. However, McPhail and Carveth (1992) suggest that

translocation to a remoter region is one of the only options to secure the species.  We

support the notion of backing up the species in more remote lakes to help expand the

range of the species, but only if we are completely unable to negotiate with the

landowners to secure the current habitat. The expense of a translocation, while

scientifically interesting, is not yet warranted when we have not considered other options.

Conclusion

Analysis of the methods available for species recovery suggest that in the order of

importance is as follows: voluntary, research, educational, intrusive, then regulation. The

latter two should really only be considered if the voluntary attempts with landowners fail.

In appendix A we suggest a sample recovery plan that is suitable for the stickleback

species pairs.



Appendix A: A SAMPLE RECOVERY PLAN

Recovery Plan

1. Contact all landowners and resource users around each of the four lakes that

have stickleback pairs.

2. Notify the landowners of the valuable endangered species on their land and

request their involvement in a research project to monitor populations and

assess the impact of different management strategies

3. Design an educational program targeted at local residents  informing them

about the threats from exotic species introduction. In addition, leave open the

possibility of recruiting volunteers for the research project.

4. As the research progresses, modify the education campaign to inform

residents about restricting water use during stickleback critical breeding times.

Contingency Plan:

1. If the landowners seem unwilling to change management strategies, perhaps

consider negotiation based on a land trust design or by providing financial

incentives.

2. If these negotiations fall through and the research shows a significant threat to

the stickleback then hope for regulation to come through or pursue plans for a

translocation.



Appendix 2: Raw Data and Summary

TABLE 1: Capture Statistics
October Benthics Limnetics
Mt_1 1166 279
Ct_1 592 70
Rt_1 33 2

Feb 13
Mt_2 1166 279
Ct_2 311 40
Rt_2 6 0

Feb 14
Mt_3 1477 1477
Ct_3 216 27
Rt_3 10 1

Feb 15
Mt_4 1693 1693
Ct_4 392 92
Rt_4 12 0

Feb 16
Mt_5 2085 2085
Ct_5 325 83
Rt_5 13 2

TABLE 2: Population Estimates and Quantiles (measure of variation)
Mean Q(2.5%) Q(97.5%)

Benthics 37,000 30,000 47,000

Limnetics 22,000 12,000 77,000
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