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Introduction 
The three-spined stickleback (Gasterosteus aculeatus (stickleback)) is ubiquitous 
throughout coastal areas of the northern hemisphere and is not considered to be 
of conservation concern in North America where its west coast range stretches 
from Alaska to Baja California (NatureServe, 2013). Stickleback are small (3 - 5 
cm) and the most common fish found in streams of San Francisco Bay Area, 
California, USA (Moyle, 2002). The species was the only native fish ever recorded 
at Mountain Lake, San Francisco’s Presidio National Park. With a surface area of 
~5 acres and an average depth of 2 - 3 m, the lake has undergone significant 
ecological changes throughout the 20th century.  
 
Ecosystem function deteriorated and many native species were lost, including 
stickleback, last recorded in 1928. In the early 21st century upland restoration 
began and over the last four years expanded to include the aquatic system. 
Stickleback are essential to the holistic restoration as the species is 
interconnected to various ecological goals. For example, stickleback will serve as 
the host fish of the obligate parasitic larvae of the native freshwater California 
floater mussel (Anodonta californiensis) (Moles, 2007), a concurrent 
reintroduction project. Additionally, stickleback will play a role in enhancing 
tangible benefits to the local community such as mosquito abatement.  
 
Goals 
x� Goal 1: Establish a self-sustaining population of stickleback. 
x� Goal 2: Eradicate invasive fishes. 
x� Goal 3: 

Sustained or 
reduced baseline 
mosquito 
abundance/public 
complaints once 
eradication of 
invasive 
mosquito fish 
(Gambusia 
affinis) occurs. 

x� Goal 4: Establish 
necessary host 
fish for Anodonta 
mussel life-cycle. 

Three-spined stickleback with white dots on the fin edges 

which are parasitic larval mussels 
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x� Goal 5: Bring 
conservation action to an 
urban audience. 
 
Success Indicators 
x� Indicator 1: Stickleback 
breeding confirmed within 
1 - 3 years. 
x� Indicator 2: No non-
native fishes consistently 
confirmed present through 
time post-eradication 
action (i.e. rotenone 
application). 
x� Indicator 3: No 
significant increase in 
potential disease-carrying 
mosquito species or public 

complaints received regarding mosquito issues. 
x� Indicator 4: Stickleback confirmed naturally inoculated with larval mussels 

within 4 - 7 years post-mussel release. 
x� Indicator 5: Reach 10,000 members of the local community via “Protect 

Mountain Lake” pledge campaign (e.g. “I pledge to not release unwanted 
aquatic pets…” etc.) in five years. 

  
Project Summary 
Feasibility: As inflow/outflow connectivity to a near-by source population was 
lost in the 20th century due to highway construction, natural re-establishment of 
stickleback was not possible. Being a locally common species with high breeding 
rates and short generational turnaround (Moyle, 2002) stickleback exhibit ideal 
characteristics for rapid establishment. However, identifying and addressing the 
drivers of extirpation proved to be complex. Several point source runoff inputs (i.e. 
highway and golf course) were identified as impacting water quality and 
ecosystem health, which certainly had negative impacts on stickleback (e.g. low 
dissolved oxygen, poor water clarity, lead and other contaminants of concern 
associated with automobiles). While high densities of invasive fishes such as 
habitat degrading common carp (Cyprinus carpio) and predatory largemouth bass 
(Micropterus salmoides) also would have put pressure on the historic stickleback 
population directly and indirectly. Invasive mosquito fish (Gambusia sp.) were 
historically stocked in the lake for mosquito control. Although Gambusia 
eradication would benefit native wildlife, the public expressed concern about 
potential mosquito issues. Chemical eradication of the invasive fish community 
was identified as the only realistic management option, however, the use of a 
piscicide (rotenone) is controversial, especially in an urban area. The presence of 
the invasive red swamp crayfish (Procambarus clarkii) was identified as a 
potential threat to the reintroduction and overall restoration success, however, it 
was understood that rotenone would not eradicate this species at the 
concentration determined appropriate for the target fishes (Holdich et al., 1999).  
 

Mountain Lake release site in 2017 
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The location of the project site crosses several jurisdictional boundaries that 
include Federal, State, and City agencies. In addition, the identified stickleback 
source population, similar to the lake, was located within the Presidio National 
Park, however, unlike the lake that is managed by the Presidio Trust (Trust), a 
federal agency, the source population is managed by the National Park Service 
(NPS). A target collection goal of 1,000 individuals was agreed upon between the 
Trust and NPS in order to minimize genetic bottlenecking and improve likelihood 
of rapid reproductive success (Ewen, 2012). Finally, the Trust’s robust 
environmental education and volunteering programs were identified as a means 
to interpret this project and provide the local community with participation 
opportunities in order to increase conservation awareness will bolstering public 
support of the larger restoration project. 
 
Implementation: Point source runoff was addressed by a number of means, 
including bioswale catchment construction around golf course/storm water inputs 
and improving/re-directing highway drainage into the local sewer system. 
Meanwhile, two years of planning, involving numerous stakeholder groups and 
various State, Federal, and City agencies resulted in the successful application of 
rotenone and the complete eradication of all invasive fishes present. Six months 
after rotenone application, with the support of NPS, stickleback translocation 
began. Stickleback were opportunistically collected at the source site with seine 
nets and minnow traps, transported to the lake, placed in porous buckets within 
the shallows and allowed several hours to acclimate before release. Over the 
course of 10 months 1,100 individuals were ultimately released into the lake. 
Efforts were made to reduce handling and stress to the fish as much as possible 
during translocation. Local community members, school groups, and media 
outlets were invited to participate in the releases.  
 
Post-release monitoring: The monitoring protocol involved a combination of 
standardized and opportunistic methods. Timed visual searches along the 
shoreline provided an index of survival and abundance, hand netting for 
identification occurred when necessary. Non-baited minnow traps placed at even 
intervals around the lake’s shallow habitat supplemented visual observations and 
allowed for the confirmation of species identification and reproductive status. 
These traps also served as an early detection for non-native fishes as well as an 
index of crayfish abundance. Crayfish numbers underwent a drastic increase after 
the removal of the predatory bass, which triggered the management action of 
more intensive trapping. As predicted, no stickleback were visually seen or 
captured within the first year of release due to low detectability relative to the size 
and complexity of the lake (e.g. dense shoreline emergent vegetation). However, 
beginning in the second spring following release, several young-of-the-year were 
captured in traps. After the third year, stickleback were regularly seen in most of 
the shallow habitat and found in minnow traps throughout the lake, including 
various stages of development, with clear signs of high reproductive success. 
Within two years of rotenone application, exotic bullhead catfish (Ameiurus sp., 
not previously observed at the site), were found in the lake, which has triggered 
ongoing mechanical removal. In the three years following rotenone application 
there has been no significant increase in mosquito abundance or public 
complaints regarding mosquito issues.  
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Major difficulties 
faced 
x� Public outreach and 
changing perception of 
restoration, management 
actions, and the issues 
associated with the 
releasing of unwanted 
aquatic pets into natural 
water bodies. 
x� Getting stakeholder 
buy-in and obtaining the 
multitude of required 
permits for the use of 
rotenone in an urban area. 
x� Navigating and 
coordinating the 
jurisdictional complexities 

of the site.  
x� Addressing the public’s concern for potential mosquito increases and 

articulating the ultimate vision of a healthy functioning ecosystem with natural 
checks and balances. 

x� Designing, funding, and building the infrastructure to address point-source 
nutrient/contaminant inputs. All the while coordinating with both highway and 
golf course managers. 

 
Major lessons learned 
x� The release of aquatic pets is primarily driven by a general lack of public 

understanding regarding ecological impacts and the lack of an accessible 
public repository for these unwanted animals. Overcoming these barriers is 
key to minimizing introduced exotics. Accepting that exotic introductions may 
be ever-present in urban areas while having a clear plan in place to monitor 
and rapidly address when needed. 

x� Obtaining both stakeholder buy-in and the necessary permits/support for 
rotenone application required a tremendous amount of time and energy. 
Planning accordingly, well in advance, allowed for flexibility, patience, and 
thoroughness. 

x� Much of the success of this reintroduction is not immediately visible to the 
public without interpretative signage and other forms of outreach. Developing a 
strategy/plan well in advance was key in achieving Goal 5 above.   

x� Complete eradication of crayfish is currently functionally impossible, however, 
population reduction is relatively straightforward, but requires constant 
trapping vigilance. 

x� Comprehensive monitoring of the lake, including biotic and abiotic parameters, 
not only provides management guidance, but is also key in demonstrating 
restoration progress to stakeholders. Plan accordingly well in advance in order 
to obtain solid baselines. 

 
 

 Community stickleback release 
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Success of project 

Reason(s) for success/failure: 
x� High reproductive rates and short generation times of focal species. 
x� Clear coordination and communication with various agencies across 

jurisdictional boundaries and support from the local community. 
x� Well-planned reintroduction methods and education/outreach programs. 
x� An onsite “Aquatic Pet Amnesty Drop Box,” including ample interpretive 

signage in several languages, has successfully intercepted numerous invasive 
species before being released in the lake. 
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