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Marine Stewardship Area Monitoring Plan 
San Juan County Marine Resources Committee                              October 31 2008 
 
 
Executive Summary: 

 
The San Juan County Marine Resources Committee (MRC) and the Marine 
Stewardship Area (MSA). The Marine Resources Committee (MRC) is a citizen advisory 
committee appointed by the San Juan County Council.  The MRC receives Federal 
Coastal Zone Management funding administered by the Washington Department of 
Ecology and by the Northwest Straits Commission.  The MRC developed and 
implemented the Marine Stewardship Area Plan (MSA Plan), approved by the County 
Council in 2007.  They also fund research for the MSA, and provide public education and 
outreach. During 2004-2006, the MRC developed a plan for the Marine Stewardship 
Area, following the 5-S planning process developed by The Nature Conservancy. 
 

The San Juan Board of County Commissioners (now County Council) designated 
the waters of the entire County a Marine Stewardship Area with the stated objective: “to 
facilitate the protection and preservation of our natural marine environment for the tribes 
and other historic users, current and future residents, and visitors”.  With this resolution, 
the Marine Resources Committee (MRC) was charged with providing a formal study with 
detailed recommendations for achieving this goal. The MRC thus began collecting and 
mapping available marine resources data to get a better picture of San Juan County’s   
marine life, habitats, as well as potential measures that would help protect them.   

 
Need for a Monitoring Plan.  Despite the best efforts of the MRC to document the 
county’s marine resources, data do not exist to accurately assess the status or trends of all 
marine resources within the MSA.  A particular shortcoming is that, frequently, data is 
only sufficient to describe the status of a particular species at one point in time and/or at 
one or very few sites.  This attribute of existing data handicaps efforts to determine the 
current status of knowledge regarding species, habitats and communities and prevents an 
analysis of trends related to the threats from human activity and development.  Moreover, 
the influence of environmental change resulting from the predicted shift in hemispheric 
and regional climate (e.g. warmer temperatures, wetter winters) on the range and 
distribution of native species and the spread of invasive species and disease may not be 
detected. 

 
The first attempt to synthesize information and standardize a monitoring program 

occurred with the creation of CAO Best Available Science document (BAS 2008), 
produced by the CAO BAS Committee, with input from the MRC and other groups.  This 
document and the MSA Monitoring Plan outline the need for additional descriptive 
information for marine species and the habitats in which they thrive, and advocate a 
systematic monitoring program of selected parameters designed to yield status and trend 



 6 

information for benthic and pelagic habitats.  Without this program, valuable ecosystem 
services may not be protected, thereby jeopardizing the sustainability of the MSA. 

 
 We understand funding is limited and that a systematic and sustained monitoring 
program cannot rest solely on the volunteer labor or over-committed county staff.  
Fortunately, a number of monitoring programs already exist throughout the Puget Sound 
Region, detailed in the Puget Sound Ambient Monitoring Program (PSAMP Update, 
2007) and other recent compilations.  In some cases, these programs are adequate to 
evaluate impact to the MSA (e.g. spawning biomass of Pacific herring, adult salmon 
populations, pinto abalone abundance, and resident orca populations), and in other cases, 
while there is a reasonably adequate regional monitoring program, data collection  within 
San Juan County is not sufficient to evaluate impact within the county.  In the latter case, 
it may not be sufficient to rely on federal or state programs to adequately monitor benthic 
and pelagic systems within the MSA.  Rather, federal and state monitoring programs, 
augmented by a county sponsored program, will be needed. There are also situations 
where a resource is monitored within the MSA, but at only one or a few sites; locally 
funded programs can enhance ongoing population monitoring.  Finally, there will be 
many cases where species or groups of species, found to be locally important fall outside 
existing monitoring programs, and our task will require designing a program to 
adequately protect ecosystem health and biodiversity within the MSA. 
 

Successful monitoring programs are designed to alert resource managers that 
protected resources are in jeopardy and to evaluate the effectiveness of protective 
measures. Within the MSA this design must take into account multiple natural and 
modified habitat types in benthic and pelagic regions. While the location of monitoring 
sites will depend on specific objectives (e.g. water quality assessment, population 
abundance and distribution, community structure, etc.) effort must be made to consider 
the MSA as a functioning sub-unit within larger regional jurisdictions with sampling 
occurring at a suitable frequency to compute status and trend estimates. Because this 
objective is broad in scope, partnering with federal, state and tribal resource management 
agencies, NGOs, and others is essential. 
 
Targets of the MSA Plan are defined as those groups of species, and entire biotic 
communities, that are critical to conserve and protect ecosystem services and biodiversity 
within the MSA. and which must be monitored to determine their current status and 
direction of change.  Some targets are chosen because the distribution and density of 
these species or communities are poorly known but population stability is threatened by 
particular activities that are on the rise (e.g. by catch associated with fish harvest, 
stormwater discharge over intertidal communities). Others are targets because the link 
between human activity and species decline has been established (e.g., recreational 
harvest of groundfish, impact of over-water structures on nearshore benthic plant survival 
and juvenile fish migration). The MSA Plan identifies the following targets: 
 
  - Rocky intertidal communities 
  - Rocky subtidal communities 
  - Nearshore sand, mud and gravel communities 
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  - Rockfish, lingcod and greenling 
  - Seabirds 
  - Marine mammals 
  - Pacific Salmon, forage fish 
 

For each of these targets, the MSA Plan also identifies key ecological attributes 
(KEAs), or indicators which are either species, groups of organisms, or 
chemical/physical processes which allow an assessment of ecosystem stability and 
biodiversity. The MSA Plan also sets out three socio-cultural targets involving human 
use of the marine environment and various species. They are:  Enjoyment of the marine 
environment, Support for marine-based livelihoods, Maintenance of Cultural traditions 
including ceremonial, subsistence, and spiritual uses and aspects. 
 
Threats Affecting Marine Biodiversity. I n addition to targets noted above, the MSA plan 
also identified and defined sixteen threats affecting marine biodiversity targets within the 
MSA (Table 2, MSA 2007). These threats must also be monitored to determine their 
persistence and importance, to document the trajectory of influence and evaluate the 
effectiveness of regulations designed to protect ecosystem services and biodiversity.  
 
Ecosystems and Biological Resources.  As part of this process, we sought input from 
members of the Marine Resources Committee Science Subcommittee. Each member was 
tasked with compiling a list of elements they deemed integral to a monitoring program in 
their area of expertise.  To augment and enrich this effort, we also interviewed a select 
group of regional scientists and resource managers using a structured interview format.  
Many of the species, habitats and ecosystem components discussed here have also been 
covered in the San Juan County MSA Plan (2007) and the San Juan County Best 
Available Science for Critical Areas document (2007).  For the broader Puget Sound 
Region, the 2007 Puget Sound Update (PSAT 2007) is extremely informative. These 
three documents contain excellent maps of biological resources, habitats, protected areas 
and other data relevant to this monitoring program.  This document will not undertake to 
duplicate all the information provided in the BAS document, but will be limited to 
discussion of existing monitoring programs, and recommendations for future monitoring.  
Background information, existing status, and information from other regions will be 
brought in as needed, but is not meant to be comprehensive.  

Species and Groups of Concern. The MSA includes species considered endangered or 
threatened, as well as species whose populations have declined significantly over the past 
century or over recent decades. While we are concerned with the biodiversity of the MSA 
overall, we will also pay particular attention to species whose populations are in danger 
within the MSA or within the broader region. Examples would be orcas, abalone, native 
oysters, eelgrass, rockfish, and Chinook salmon. Species and groups of concern are also 
set out as targets in Table 1 of the MSA Plan (2007).  For the larger region, PSAMP 
(2007, Table 2-1) lists 63 species of concern in Puget Sound (Gaydos 2004), defining 
them as those species that “require special initiatives to ensure protection and survival of 
their populations”.  Of these, three were invertebrates, 27 were fishes, 23 were birds, nine 
were mammals and one was a reptile.  Fourteen of these species are defined as threatened 
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or endangered by the federal government or by the state. Most, if not all, of these are 
species of concern for the SJC MSA as well. 

 
Database of Monitoring Efforts in the MSA. An important part of this exercise was the 
identification and listing of all monitoring programs, regardless of status, that have 
occurred or are occurring in San Juan County.  In Appendix I, we list, in a database 
format, all existing programs being conducted by federal, tribal, state and county 
governments and NGOs such as Friends of the San Juans and The Nature Conservancy.  
In Appendix II, programs that have been terminated are listed. We strongly suggest that 
the future monitoring of the MSA targets must include the continuation of ongoing 
programs as well as the selective resumption of programs that have been terminated.  
 
Specific Recommendations of the MRC for Implementation of the Monitoring 
Program: 
 
1. Certain species will be monitored by federal or state agencies, and the county (MSA) 
will rely on those data sources to determine the health and viability of those populations: 
these include orcas (killer whales), abalone, adult salmon, forage fish in offshore habitats, 
floating kelp beds, many marine and coastal birds, groundfish in Marine Preserves and 
certain non-preserve areas.  
 
2. Certain threats will be monitored by federal or state agencies, and the county (MSA) 
will rely on those data sources to determine levels of threat within the MSA. These 
include: xxxxTBA 
 
3. Certain species being monitored by state agencies must also be monitored locally to 
derive sufficient spatial and temporal information for determinations of population health 
and viability.  These include: groundfish in voluntary no-take (and comparison) areas 
established by the county (MRC), eelgrass in embayments and  near/under over-water 
structures within the MSA, forage fish in nearshore habitats, juvenile salmon in nearshore 
habitats, salmonids in streams, and marine mammals in local habitats (including 
interactions with humans). 
 
4. Certain conditions and threats being monitored by state agencies must also be 
monitored locally to derive sufficient spatial and temporal information for determinations 
of environmental change and level of threats. These include: water column physical, 
chemical and biological characteristics being monitored nearby (JEMS), but not at any, or 
enough, sites within the MSA.  
 
5. Certain species and biological communities are not being monitored by federal or 
state agencies and must be monitored locally if we are to have any idea of their current 
status and detect changes over time. These include: rocky intertidal and subtidal 
communities and their component species (e.g. sea urchins, sea cucumbers, kelp), and 
soft sediment intertidal and subtidal communities and their component species (e.g. 
clams, worms, sand lance).  This includes presence of nonindigenous (invasive, exotic) 
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species, overall biodiversity, changes in trophic structure (food webs), and response to 
environmental change (e.g. warming, acidification). 
 
6. Certain physical and chemical conditions are not being monitored by federal or state 
agencies and must be monitored locally if we are to have any idea of their current status 
and detect changes over time and level of threat. These include specific toxic chemicals 
and nutrients in coastal water, streams, and stormwater and wastewater outflow areas, 
discharges from desalinization plants, contaminants present in intertidal and subtidal 
sediments (baseline for oil spills), physical modification of shorelines, increased sediment 
loading from construction. 
 
7. Sociocultural targets must be monitored locally to determine how MSA protection is 
affecting local stakeholders. These include: enjoyment of the marine environment, 
support for marine-based livelihoods and maintenance of cultural traditions including 
ceremonial, subsistence, and spiritual uses and aspects.  
 

Xxxx MRC will add others 
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Section  1.  Introduction   
 
 
  
1.1   What is the MSA? 
 

The Marine Resources Committee (MRC) is a citizen advisory committee 
appointed by the San Juan County Council.  The MRC receives Federal Coastal Zone 
Management funding administered by the Washington Department of Ecology and by the 
Northwest Straits Commission.  The MRC developed and implemented the Marine 
Stewardship Area Plan (MSA Plan), approved by the County Council in 2007.  They also 
fund research for the MSA, and provide public education and outreach. During 2004-
2006, the MRC developed a plan for the Marine Stewardship Area, following the 5-S 
planning process developed by The Nature Conservancy (Poiani et al. 1998, 2000, 
Parrish et al. 2003). 
 

The San Juan Board of County Commissioners (now County Council) designated 
the waters of the entire County a Marine Stewardship Area (MSA) with the stated 
objective: “to facilitate the protection and preservation of our natural marine environment 
for the tribes and other historic users, current and future residents, and visitors” (MSA 
Plan, 2007).  With this resolution, the Marine Resources Committee (MRC) was charged 
with providing a formal study with detailed recommendations for achieving this goal. 
The MRC thus began collecting and mapping available marine resources data to get a 
better picture of San Juan County’s   marine life, habitats, as well as  potential measures 
that would help to protect them (Klinger 2001ab, 2006).   
 

During the year following the designation of the MSA, the MRC developed the 
concept for a county-wide zone scheme (Slocomb 2004). The MSA plan proposed special 
use areas along county shorelines where particular resources were found to be abundant. 
The proposal included multiple use and restricted use areas, and set out voluntary 
protection measures such as not anchoring in eelgrass beds and not fishing in the 
Bottomfish Recovery Areas.  MRC funding has been used to assess the effectiveness of 
these recovery areas through 2006. 

 
It is important to recognize that the San Juan County MSA exists within the 

broader Puget Sound Region (PSR) (sometimes referred to, incorrectly, as Puget Sound), 
defined here as the marine waters of Washington State east of the mouth of the Strait of 
Juan de Fuca.  Within this region, there are five recognized PSAMP basins (PSAT 2007, 
Fig. 1-1), including the “San Juan Archipelago” basin, which is approximately 
equivalent to the MSA. The Puget Sound Region, along with the Strait of Georgia to the 
north, is sometimes referred to as the “Salish Sea” (i.e. all waters enclosed by Vancouver 
Island and the Olympic Peninsula, from Tumwater WA to Johnstone Strait British 
Columbia).  Alternatively, the DNR submerged vegetation monitoring program (SVMP) 
refers to our area as the “San Juan Straits Region” (including the Strait of Juan de Fuca 
and the MSA), bordered by the North Puget Sound Region to the north and east, the 
Saratoga-Whidbey Region east of Whidbey Island, and the Hood Canal Region and the 
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Central Puget Sound Region to the south of the San Juan Straits Region (PSAT 2007, 
Figs. 2-4, 2-7.). Clearly the nomenclature of the region is not a settled matter. That said, 
the San Juan Archipelago, and the Gulf Islands to the north, have ancient significance, as 
discrete regions, to the Coastal Salish native peoples (Suttles 1951)  

 
1.2 Marine Protected Areas in the MSA 
 

It should be noted that the waters of San Juan County and Cypress Island were 
previously designated a Marine Biological Preserve in 1923 (Chap. 74, House Bill 68, 
R.C.W.28.77.230, 1969 Revision R.C.W.28B.20.320), specifically for “marine biological 
materials useful for scientific purposes, except when gathered for human food, and 
except, also, the plant Nereocystis….” , with permission for collecting to be  “… first 
granted by the director of the Friday harbor Laboratories of the University of 
Washington.”  This Marine Biological Preserve designation is still in effect and scientific 
collecting of non-food species has been approved annually by the director of FHL since 
1923.   

 
Within the MSA, there are also designated Marine Preserves managed jointly by 

WDFW and the University of Washington, in which bottom fishing and harvesting of 
benthos is not allowed (Pt. Caution, SJI, Pt. George, Shaw Is., False Bay, Argyle Lagoon; 
only trolling for salmon is allowed) or where no type of fishing is allowed (Yellow and 
Low Islands). For MPAs in general see Kelleher et al. (1995) and Klinger (2004), and for 
those in Washington State, see Didier (1998) and Klinger (2007). 
 
 
 
1.2  Need for A Monitoring Plan 
 

Despite the best efforts of the MRC to document the county’s marine resources, 
data do not exist to accurately assess the status or trends of all marine resources within 
the MSA.  A particular shortcoming is the fact that frequently data is only sufficient to 
describe the status of a particular species at one point in time and/or at one or very few 
sites.  This attribute of existing data handicaps efforts to determine the current status of 
knowledge regarding species, habitats and communities and prevents an analysis of 
trends related to the threats from human activity and development.  Moreover, the 
influence of environmental change resulting from the predicted shift in hemispheric and 
regional climate (e.g. warmer temperatures, wetter winters) on the range and distribution 
of native species and the spread of invasive species and disease may not be detected. 

 
The first attempt to synthesize information and standardize a monitoring program 

occurred with the creation of CAO Best Available Science document (BAS 2008), 
produced by the CAO BAS Committee, with input from the MRC and other groups.  This 
document and the MSA Monitoring Plan outline the need for additional descriptive 
information for marine species and the habitats in which they thrive and advocate a 
systematic monitoring program of selected parameters, designed to yield status and trend 



 12 

information for benthic and pelagic habitats.  Without this program, valuable ecosystem 
services may not be protected, thereby jeopardizing the sustainability of the MSA. 

 
 We understand funding is limited and that a systematic and sustained monitoring 
program cannot rest solely on the volunteer labor or over-committed county staff. 
Fortunately, a number of monitoring programs already exist throughout the Puget Sound 
Region, detailed in the Puget Sound Ambient Monitoring Program (PSAMP Update, 
2007) and other recent compilations.  In some cases,  these programs are adequate to 
evaluate impact to the MSA (e.g. spawning biomass of Pacific herring, Pinto abalone 
abundance, and resident orca populations), and in other cases, while there is a reasonably 
adequate regional monitoring program, data collection  within San Juan County is not 
sufficient to evaluate impact within the county.  In the latter case, it may not be sufficient 
to rely on federal or state programs to adequately monitor benthic and pelagic systems 
within the MSA.  Rather, federal and state monitoring programs, augmented by a county 
sponsored program, will be needed. There are also situations where a resource is 
monitored within the MSA, but at only one or a few sites; locally funded programs can 
enhance ongoing population monitoring (e.g. Washington State groundfish stock 
assessment).  Finally, there will be many cases where species or groups of species, found 
to be locally important fall outside existing monitoring programs, and our task will 
require designing a program to adequately protect ecosystem health and biodiversity 
within the MSA. 
 

Successful monitoring programs are designed to alert resource managers that 
protected resources are in jeopardy and to evaluate the effectiveness of protective 
measures (e.g. Clean Water Act, Endangered Species Act) (Elzinga et al. 2001). Within 
the MSA this design must take into account multiple natural and modified habitat types in 
benthic and pelagic regions. While the location of monitoring sites will depend on 
specific objectives (e.g. water quality assessment, population abundance and distribution, 
community structure, etc.) effort must be made to consider the MSA as a functioning sub-
unit within larger regional jurisdictions with sampling occurring at  a suitable frequency 
to compute status and trend estimates. Because this objective is broad in scope, 
partnering with federal, state and tribal resource management agencies, NGOs, and others 
is essential. Potential partners include: 

 
1) The National Park Service  
2) National Atmospheric and Oceanic Administration  
3) United States Geological Survey 
4) US Environmental Protection Agency 
5) US Army Corps of Engineers 
4) Tribal Governments 
5) WA State Dept of Ecology  
6) WA Department of Fish and Wildlife 
7) WA Department of Natural Resources  
8) University of Washington Friday Harbor Laboratories 
9) Western Washington University, Shannon Point Marine Lab  
10) WSU Beach Watchers Program  
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11) San Juan County Conservation District 
12) San Juan County Public Works 
13) Friends of the San Juans  
14) People for Puget Sound 
15) Skagit Fisheries Enhancement Group 
16) The Nature Conservancy 
17) Wild Fish Conservancy Northwest (Washington Trout)  
18) San Juan, Orcas and Shaw Island School Districts 
 
 
1.3  Monitoring Versus Assessment 
 

Inventories, or one-time baseline studies, attempt to establish the composition of 
populations, biotic communities or habitat types when the intent is to conduct similar 
studies at a future, sometimes undetermined, time. It is often understood that regular, 
sustained monitoring may not be possible, or that funding is available for only a short 
period of time, and that having some data is better than having no data. Such inventories 
have multiple goals, such as spatially locating populations of a given species, determining 
the population density of one or more species, assessing the age distribution of 
individuals within a species or area (and population growth or decline), locating all 
species occurring within a specific area or habitat type, assessing the habitat requirements 
of a species, and assessing existing or potential threats to a population or community 
(Elzinga et al. 2001). This activity is distinguished from natural history studies or basic 
ecological research that has the goal of answering specific questions related to population 
viability, mortality rates, predation effects, life history variability, foraging behavior and 
efficiency and other specific hypothesis driven questions. 

 
Monitoring, which occurs over more than one time period, is also variable in its 

intent and purpose. Implementation monitoring examines whether a particular activity is 
having an effect on some subset of the biota, which could be a single population (e.g. 
whale watching on orca whale behavior; harvest of pinto abalone, etc.) or an entire biotic 
community or habitat type (e. g. compliance with Washington State Hydraulic Project 
Approval when shoreline construction is proposed, response to an oil spill event, etc.). 
Such monitoring might be carried out until funding is exhausted, regulatory conditions 
are met, or a particular question is answered to the satisfaction of the researcher or the 
funding agency. Such studies are often termed impact studies, when designed to measure 
the impact of a particular stress or perturbation. A variety of impact study designs are 
discussed by Murray et al. (2006); one common example is the BACI design simply 
described as the collection of data from a control, as well as experimental or impact sites, 
before and after the impact occurs (Green 1979, Hurlbert 1984, Underwood 1994, 
Osenberg and Schmitt 1996, Osenberg et al. 1996). 

 
Monitoring programs often begin with a single extensive survey or inventory. 

This activity may also include the acquisition of historical data within the study area, thus 
providing a patchy, time series evaluation of the area before the initiation of a full 
monitoring program. There is always a question of what “baseline” to use for 
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comparison, since we know that biotic communities have changed composition over 
historical, pre-historical, and geological time.  Furthermore, even if we wanted a baseline 
of 300 years ago, for example, we know there are essentially no data to provide one.  The 
concept of “shifting baselines” describes how each generation gets used to the conditions 
prevailing at that time, and sees that as “normal”, whereas there may have already been 
substantial ecological changes that have not been recorded and documented (Jackson et 
al. 2001, http://www.shiftingbaselines.org/slideshow/index.html). For the Puget Sound 
Region, shifting baselines have been illustrated in a 2008 video presentation (Olson 2008, 
PSP website: http://www.psp.wa.gov/shiftingbaselines.php).  

 
Once a monitoring program is initiated, the goal is to maintain the same spatial 

and temporal pattern of data collection; in some cases it is important to set endpoints to a 
study that are ecologically meaningful (Karr and Chu 1997). Several authors note the 
importance of designing a monitoring program capable of detecting change over pre-
defined short to long temporal scales, and with adequate spatial replication to evaluate 
resource conditions within the region of interest (Kingsford 1998, Kingsford and 
Battershill 1998, Kingsford et al. 1998).  In our case the objective is to consider the entire 
MSA as the region of interest and design monitoring programs capable of detecting 
change within this area. 

 
1.4 Targets, Communities, and Biodiversity 
 

Targets of the MSA Plan are defined as those groups of species, and entire biotic 
communities, that are critical to conserve and protect ecosystem services and biodiversity 
within the MSA and which must be monitored to determine their current status and 
direction of change.  Some targets are chosen because the distribution and density of 
these species or communities are poorly known but population stability is threatened by 
particular activities that are on the rise (e.g. by catch associated with fish harvest, 
stormwater discharge over intertidal communities). Others are targets because the link 
between human activity and species decline has been established (e.g., recreational 
harvest of groundfish, impact of overwater structures on nearshore benthic plant survival 
and juvenile fish migration). The MSA Plan identifies the following targets: 
 
  - Rocky intertidal communities 
  - Rocky subtidal communities 
  - Nearshore sand, mud and gravel communities 
  - Rockfish, lingcod and greenling 
  - Seabirds 
  - Marine mammals 
  - Pacific Salmon 
 
For each of these targets, the MSA Plan also identifies key ecological attributes (KEAs), 
or indicators, which are either species, groups of organisms, or chemical/physical 
processes which allow an assessment of ecosystem stability and biodiversity. The MSA 
Plan also sets out three socio-cultural targets involving human use of the marine 
environment and various species. They are: 
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  - Enjoyment of the marine environment 
  - Support for marine-based livelihoods 
  - Maintenance of Cultural traditions including  

   ceremonial, subsistence, and spiritual uses and aspects 
 
In addition to targets noted above, the MSA plan also identified and defined sixteen 
threats affecting marine biodiversity targets within the MSA (Table 2, MSA 2007). 
These threats must also be monitored to determine their persistence and importance, to 
document the trajectory of influence and evaluate the effectiveness of regulations 
designed to protect ecosystem services and biodiversity.  
 

In general, the subjects of monitoring programs include individual species, 
sometimes termed indicator species. Such species can be chosen because they are (1) 
abundant and characterize the habitat or community, (2) charismatic, (3) rare and at risk 
of local extirpation or extinction, (4) responsive negatively to environmental stress or 
perturbation, or (5) commercially important.  It is common that a number of factors 
influence the selection of target species. Moreover including other species in a 
monitoring program may be appropriate because results of ongoing research identify 
these species as important indicators of ecosystem change (e.g. use of lichen communities 
to monitor air quality). 

 
Managers and researchers face the well known limitation that a community 

contains hundreds to thousands of species even in a very limited area, and it is currently 
not possible or desirable to obtain biomass or population size information on all species 
present. Consequently, well defined criteria must be established to direct the sampling of 
smaller units from which generalizations can be made. Nonetheless, there are certain 
species that will be chosen as targets, and individual demographic information must be 
collected on some defined number of such species. Management of marine resources is 
increasingly viewed from an ecosystem perspective (ecosystem-based management), 
with recognition that species by species management is not sufficient to identify the 
impact of human activity.  Interactions among predators and prey, switching to alternate 
prey, responses to changes in the chemical and physical environment, all affect 
community composition and thus ecosystem function.  So, even if target or indicator 
species are identified, change or lack of change in those species is not sufficient to 
understand change (or loss of function) at the community or ecosystem level.   
 

The objective of biodiversity monitoring is to determine species composition and 
relative abundance within a specified community or habitat.  Ideally, we would like to 
have such data for all species present, but that is rarely possible given the difficulty of 
identifying certain groups (e.g. bacteria and microorganisms). Therefore, effective 
monitoring determines which species indicate population stability and biodiversity, are 
easy to identify and can may be lumped into larger groups. Some monitoring protocols 
combine rapid field assessment and substantial taxonomic lumping, with extensive 
collections that can provide accurate species identification later (e.g. NAGISA, 
http://www.coml.org/descrip/nagisa.htm).  One problem with focusing on target or 
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indicator species is neglecting to observe changes such as range extension or restriction 
associated with climate change to non-target organisms.  

 
Furthermore, monitoring may not be sufficient to describe proximate controls on 

community structure.  For several decades ecologists have recognized that field 
experiments may be necessary to discover processes inherent in community stability and 
resilience (Paine 1974). Strong biotic interactions such as competition and predations are 
happening constantly in space-limited communities such as those found in rocky 
intertidal and subtidal habitats (Sebens 1986, 1990) and soft sediment regions (Reise 
1985, Volkenborn and Reise 2006).  Although community structure may seem stable, this 
condition may be the function of a delicate balance between predation on competitively 
dominant species and the constant arrival of individuals of less dominant species. Thus 
the experimental clearing of space, such as the removal or addition of predators and 
competitors, and the manipulation of the physical environment are often necessary to 
understand community interaction and the resulting structure. While not part of a 
monitoring program, such research is key to an ecosystem-based understanding of 
population stability and biodiversity.  Consequently this type of investigation should be 
carried out by researchers on a parallel track with ongoing monitoring programs. 
 

Monitoring socio-cultural targets presents additional challenges as the primary 
sources of information are population abundance data, collected by natural resource 
agencies, and harvesting and gathering records, required by resource agencies, but 
submitted by those who fish and collect the resource in question.  While in some cases 
there is a direct link between harvesting practices or frequency (e.g. the impact to 
groundfish stocks) this is not always the case. For example, the stock reduction of 
silverside fish such as Pacific herring, sand lance, and surf smelt necessary to support 
Pacific salmon populations, is more a function of altered habitat than fishing pressure. 
Because fishing pressure may also be responsible for depressed Pacific salmon stocks, 
the task of assigning proximate cause, and resultant regulatory action, becomes difficult. 
To offset this difficulty multiple monitoring programs may be necessary. In addition, data 
from marketing based surveys and local income assessment from marine-based 
livelihoods should be considered. Clearly, there has already been a shift in marine-based 
livelihoods from an extractive mode to a system that relies heavily on ecotourism 
activities such as whale watching, sea kayaking excursions, and tide pool viewing.  

 
Finally, monitoring known threats to the MSA represent an additional layer of 

complexity. The MSA Plan identifies 16 threats (Table 1). While ongoing federal and 
state programs (PSAT 2007), track the relationship between particular stressors such as 
chemical contamination and overfishing (Table 1) on the abundance and distribution of 
particular species and monitor the condition of pelagic and benthic habitat (e.g. WDNR’s 
Submerged Vegetation Monitoring Project), the impact of other activities, identified as 
threats (e.g., stormwater runoff and shoreline armoring; Table 1) may not be adequately 
evaluated.  Consequently, local efforts are needed to fill important gaps and insure 
population stability and biodiversity is maintained within the MSA.     
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1.5  Parameters to measure – abundance, life history, harvest etc. 
 
For individual species, number of individuals, or biomass, are common measures of 

abundance, but these metrics may only provide part of the picture.  If we want to know if 
a population is increasing, decreasing, or stable other metrics may be necessary to track 
ecosystem condition. For example demographic indices such as life tables, reproductive 
rates, growth and size structure, may be necessary to evaluate.  These parameters may 
also be affected by health or nutritional status (termed condition) of individuals.  Each of 
these characteristics may in turn vary with habitat or particular set of environmental 
variables.  For some species, such as clonal plants and colonial animals, the 
differentiation of individual units is difficult to determine; thus measurements such as 
percent area covered (percent cover) are commonly used.  
 
 
Table 1.  Top threats affecting all marine biodiversity targets in the San Juan 
County Marine Stewardship Area (as of 8/31/06)  *designates tied ranking.  (see Table 
2, MSA Plan 2007) 
 
Ranked Threat, and Overall Threat Rank  
1.  Large oil spills    High  
2.  Climate change    High  
3.  Shoreline modification due to docks, shoreline armoring,  
 boat ramps, jetties, etc.    High  
4.  Non-local sources of salmon decline     High  
5.  Invasive species     Medium  
6.  Persistent organic pollutants from current industrial and  
 historical sources      Medium  
7.  Polluted stormwater runoff     Medium  
8.  Septic systems and wastewater discharge    Medium  
9.  Predation by marine mammals    Medium  
10.  Historical harvest of rockfish, lingcod & greenling until  
 1999.    Medium  
11. * Disturbance by other wildlife     Medium  
12. * Fishing/harvesting activities    Medium  
13.  Derelict fishing gear     Medium  
14.  Small chronic fuel and oil spills   Medium  
15.  Human disturbance on shore     Low  
16.  Sediment loading resulting from upland construction  
 activities, logging, clearing and livestock     Low  
 
Overall Threat Status for MSA - High  

 
 
It is often impossible to obtain a reasonable estimate of population size for 

commercially harvested animal species (Reference).  Frequently the only information on 
the status of these populations is derived from harvest data, a practice which assumes that   
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the original population size (pre-harvest) is a baseline and decreasing harvest (catch per 
unit effort) indicates a declining population. Increasing harvest effort is a common 
feature when and if the marketplace can support the distribution of more product, in this 
case, marine fishes such as rockfishes (Sebastes spp.).  However increased yield could 
also be related to stock recovery, and thus an increase in population size might be taking 
place (e.g. lingcod, Ophiodon elongatus).  Theoretically, those who commercially fish 
could determine the optimal population density that provides the greatest yield, by trial 
and error -  sometimes overshooting the optimum and catching less, and sometimes 
undershooting it  and also catching less.  
 
 
1.6  GIS information.  

 Global Positioning (GPS) techniques allow investigators to accurately locate and re-
sample field plots and provide geo-referenced data for export to Geographic Information 
Systems (GIS).  Therefore, all field data collected during MSA monitoring should 
conform to the following standards: 

1. All monitoring data collected must include DATE, TIME, LATITUDE, 
LONGITUDE. 

2. Latitude and longitude will be determined using a GPS receiver. 
3. The GPS position will be based on the World Geodetic System (as updated) 

(currently WGS 84) 
4. All data sets shall include subject keywords, author/surveyor, monitoring 

categories, 
5. Monitoring data acquisition will not be considered complete until the data have 

been entered/transferred to the GIS data library, and the related metadata entered. 
6. Data entry forms will be created as part of monitoring program design. 
7. Data entry forms (digital or paper) will be standardized and will be used for all 

field data collection. 
8. All data will be stored in appropriate industry standard formats compatible with 

ESRI software. 
9. The GIS data library should be located at both the UW Friday Harbor Labs and the 

San Juan County GIS Library (complete duplication). 
10. San Juan County GIS data standards (if any) will be adhered to. 
 

1.7  Watershed Delineation 
 

Nine priority drainage areas have been identified in San Juan County (Refs). These 
areas are not watersheds; rather they are larger units of land that drain into selected 
embayments. (See Figure XX).  However this selection process is somewhat incomplete 
because there are many areas that are not contained in the priority drainages and 
monitoring programs in these areas will need to be reconciled within the existing priority 
drainage area scheme. This practice is necessary so that data from the monitoring 
programs will provide an adaptive management feedback loop. The recent effort 
(February 2007) to delineate watershed basin and sub-basin locations, based on the 
National Elevation Dataset, will more easily guide an appropriate management response 
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to ongoing and proposed land development activities. These data are archived in the San 
Juan County GIS Library (Reference).  

 
1.8  Shoreline Segment Identification, Photos, LIDAR  
 

Monitoring sites can be selected randomly or by particular intent (Elzinga et al. 2001) 
Regardless of method the a priori selection of sites can be difficult in the absence of 
remotely sensed data acquired at the landscape scale.  In San Juan County landscape 
scale data are available from a variety of sources.  Examples include, but are not limited 
to, the Washington State Department of Natural Resources (WDNR) Shorezone based on 
shoreline geomorphology (Berry 2002), the Washington State Department of Ecology 
(DOE) beach segments for oil spill response planning and, the DOE Shorephotos, a 
program that provides complete shoreline coverage using high resolution, geo-referenced 
oblique aerial photos. 

 
Light Detection and Ranging (LIDAR) is a remote sensing system used to collect 
topographic data. This technology is being used by governments, academics and 
commercial interests to document topographic changes and shoreline forms. LIDAR data 
are also used to measure tree canopy elevation and vegetation load. LIDAR is capable of 
measuring vegetation load and substrate form simultaneously. These data are collected 
with aircraft-mounted lasers capable of recording precise elevation measurements. After 
a baseline data set has been created, follow-up flights can be used to detect topographic 
and shoreline changes.  LIDAR is also useful for mapping topography in shallow water 
habitats (Brock et al. 2008). 
 

San Juan County has acquired a LIDAR survey with the flights to be performed 
during the winter of 2008/2009. The data are acquired in the winter in order to minimize 
the vegetation that the laser pulses need to penetrate to measure the substrate elevation. 
Processed DEMs (Digital Elevation Models) will be available to the public late 2009. 
LIDAR data will make possible a detailed understanding of the surface hydrology of the 
archipelago. This is particularly important to understanding upland freshwater inputs to 
the marine environment. It will be particularly important, once the LIDAR data is 
available, to do a baseline study that relates measurable factors of freshwater runoff to 
impervious surface, developed non-impervious surface (e.g. landscaping), and 
undeveloped surfaces on a sub-basin level. 
 

Subsequent to the development of a baseline characterization of surface water 
inputs to the marine environment a systematic sampling program can be devised to 
monitor changes in surface water inputs and relate those changes to development and 
climatic factors. The County should acquire new LIDAR surveys periodically to measure 
and document changes in surface conditions through time. 

 
 
1.9 Database of Monitoring Efforts in the MSA 
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 An important part of this exercise was the identification and listing of all 
monitoring programs, regardless of status, that have occurred or are occurring in San 
Juan County.  In Appendix I, we list, in a database format, all existing programs being 
conducted by federal, tribal, state and county governments and NGOs such as Friends of 
the San Juans and The Nature Conservancy.  In Appendix II, programs that have been 
terminated are listed. We strongly suggest that the future monitoring of the MSA targets 
must include the continuation of ongoing programs as well as the selective resumption of 
programs that have been terminated.  
 
 Existing monitoring programs and surveys within the PSR are well described in 
the PSAMP Update (2007); see also Truscott (2004) and Mumford et al. (2004), Mitchell 
and Ford (2004). 
 

 
 
 

Section 2.  Ecosystems and Biological Resources 
 

As part of this treatment we sought input from members of the Marine Resources 
Committee Science Subcommittee. Each member was tasked with compiling a list of 
elements they deemed integral to a monitoring program in their area of expertise.  To 
augment and enrich this effort, we also interviewed a select group of regional scientists 
and resource managers using a structured interview format (Strauss and Corbin 1990; 
XXXother refs to follow). This section synthesizes our results. 

 
2.1  Overview 

 Many of the species, habitats and ecosystem components discussed here have also 
been covered in the San Juan County MSA Plan (2007) and the San Juan County Best 
Available Science for Critical Areas document (2007). For the broader Puget Sound 
Region, the 2007 Puget Sound Update (PSAT 2007) is extremely informative. These 
three documents contain excellent maps of biological resources, habitats, protected areas 
and other data relevant to this monitoring program.  This document will not undertake to 
duplicate all the information provided in the BAS document, but will be limited to 
discussion of existing monitoring programs, and recommendations for future monitoring.  
Background information, existing status, and information from other regions will be 
brought in as needed, but is not meant to be comprehensive.  

 

2.2  Species and Groups of Concern 

 The MSA includes species considered endangered or threatened, as well as 
species whose populations have declined significantly over the past century or over 
recent decades. While we are concerned with the biodiversity of the MSA overall, we 
will also pay particular attention to species whose populations are in danger within the 
MSA or within the broader region. Examples would be orcas, abalone, native oysters, 
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eelgrass, rockfish, and Chinook salmon. Species and groups of concern are also set out as 
targets in Table 1 of the MSA Plan (2007).  

For the larger region, PSAMP (2007, Table 2-1) lists 63 species of concern in Puget 
Sound (Gaydos 2004), defining them as those species that “require special initiatives to 
ensure protection and survival of their populations”.  Of these, three were invertebrates, 
27 were fishes, 23 were birds, nine were mammals and one was a reptile.  Fourteen of 
these species are defined as threatened or endangered by the federal government or by the 
state. Most, if not all, of these are species of concern for the SJC MSA as well. 

 

 

2.3  Plankton  (relevant MSA Target: Seabirds, Pacific Salmon) 

Plankton are single or multi-celled swimming or drifting organisms that form the 
foundation of marine food webs because they are extremely productive (Emmett et al. 
2000) and thus serve as prey for a vast array of species from crustaceans, to fish, birds 
and whales.  In the MSA Plan, zooplankton (e.g. euphausids, crab larvae, amphipods, 
Ind) are identified as relevant to the Seabird target.  Plankton are a diverse group, lumped 
together based upon their inability to swim against currents and on their morphology, 
instead of genetic lineage or taxonomy.  

 Phytoplankton are photosynthetic marine algae that fix carbon and thus provide 
primary production for the planktonic food web.  Abundances of phytoplankton fluctuate 
annually as a function of temperature, light and nutrients, which can result in dramatic 
blooms that persist for days to weeks (usually during March to September, PSAT 2007, 
Figure 2-1).  In the San Juan archipelago and in the Puget Sound region in general, 
phytoplankton are predominately composed of diatoms in the fall and winter, whereas 
dinoflagellates dominate in the spring and summer. Certain species of phytoplankton 
pose human health risks (red tide) and can be damaging to mollusks (e.g. aquacultured 
oysters) and to fish. For local studies of phytoplankton see: Bernhard et al. (1997), Yin 
and Harrison (2000), Rines et al. (2002), Newton (2003), Broitman and Kinlan (2006). 

 

 Zooplankton are microscopic to macroscopic animals that drift in the water 
column and are divided into micro- and macrozooplankton based upon size.  
Microzooplankton comprise mostly copepods and crustacean larvae, while 
macrozooplankton include jellyfish, salps, and ctenophores, although other groups are 
also represented.  Larvae of benthic invertebrates are termed meroplankton, and fish 
larvae are ichthyoplankton. Those zooplankton that spend their entire life cycle in the 
plankton are termed holoplankton.  Zooplankton make up the diet of numerous 
commercially important fish and their prey.  Forage fish (sand lance, herring, smelt) and 
juvenile salmon all consume large quantities of zooplankton. Zooplankton studies from 
within and near the MSA include Simenstad et al. (1980), Buck and Newton (1995), 
Dagg et al. (1998), and (Mills 1993, 1995, 2001) for gelatinous zooplankton. 
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 Bacterioplankton include a variety of marine bacteria and those from freshwater 
runoff. It is difficult to quantify this group of organisms, although particular species are 
investigated as part of water quality monitoring for aquaculture and swimming beaches 
(e.g. Escherichia coli bacteria). Viruses in seawater comprise the viroplankton.   

 

Existing Monitoring.  PSAMP regularly monitors the water column at seven 
locations within and around SJC.  Dr. Jan Newton (UW) leads a fall Research 
Apprenticeship at UW FHL that conducts similar sampling during October to December 
of each year in the San Juan Channel and south of Cattle Point, and JEMS cruises sample 
at 5 sites across the Strait of Juan de Fuca.  Friends of the San Juans carry out regular 
sampling at five points around San Juan Island, and at Fisherman Bay on Lopez Island. 
These sampling efforts quantify physical characteristics of the water column as well as 
the chlorophyll content (related to phytoplankton abundance), the types of phytoplankton 
present, and the abundance of zooplankton.  Elsewhere in the Puget Sound Region, the 
Pacific Shellfish Growers Association monitors potentially harmful phytoplankton in 
embayments that are important to aquaculture 
(http://www.pcsga.org/pub/science/water_quality.shtm). 

 

The Ocean Service/National Oceanic and Atmospheric Administration (NOAA) 
has a major research investment in the state focused on understanding causes of harmful 
algal blooms (HABs) and using the information to help state agencies develop effective 
methods of monitoring and prediction (Cox et al. 2004). There is a short-term goal to 
minimize impacts of HABs and a long-term goal to understand causes of blooms that will 
improve forecasting capabilities and indicate prevention strategies. This research is 
conducted through three major NCCOS: the multi-agency Ecology and Oceanography of 
Harmful Algal Blooms Program (ECOHAB) focuses on causes of HABs; the Monitoring 
and Event Response to Harmful Algal Blooms Program (MERHAB) focuses on 
protecting human health and minimizing impacts on coastal economies; and the Coastal 
Hypoxia Research Program (CHRP) focuses on developing modeling tools to assess 
hypoxia management strategies. NCCOS responds to HABs and conducts biotoxins 
research to complement extra-mural research programs ( 
http://www.cop.noaa.gov/stressors/extremeevents/hab).  

 

JEMS cruises occur monthly from just south of Cattle Pt., San Juan Island, to 
north of Pt. XXX on the Olympic Peninsula (UW FHL Vessel, Centennial). JEMS was 
important to MEHP because it provided data for Marine Protected Area (MPA) 
delineation and evaluation and was the only long-term time-series monitoring data from 
this key ecosystem. Monitoring of plankton was added to JEMS during its second phase, 
filling an unmet finding of the 1995 PSAMP review (Shen, 1995).  The Strait acts as a 
conduit for plankton, in terms of dispersion and transport of plankton, including 
components of note such as larvae, invasive species, and harmful algal bloom species.   
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The amount of transport of HAB algae species, that produce domoic acid, from 
the Washington coast (where they are common) to Puget Sound (where they are 
uncommon) is an on-going question (Homer et al. 1996, Wekell et al. 2000). Regionally, 
virtually nothing is known about how variability in plankton species relates to the fish 
and higher organisms that feed on them.  For some local dwindling stocks of 
planktivorous fish, such as juvenile salmon and herring, little work has been done on 
variation in the plankton assemblages that these fish rely on.  Not only are plankton 
species assessments essential for food-web support, but exotic species are just beginning 
to appear in this area, with potentially profound ecosystem-level effects. 
 

A citizen-led monitoring effort on Waldron Is. quantifies zooplankton abundance 
and composition twice monthly in an effort to understand the food resource for juvenile 
salmon in that area (from June 2007 – present) (Julia Loyd pers. comm.).  Zooplankton 
and phytoplankton communities have been studied intensively for short periods in 
Eastsound, Orcas Island (Refs.) to develop an understanding of plankton community 
makeup and processes that regulate abundance, but not as an ongoing monitoring 
program.  

 

Proposed Monitoring.  Monitoring of plankton within the MSA is non-
continuous seasonally and does not cover more than a few sites within the region.  One 
recommendation would be to continue the Pelagic Ecosystems (Research Apprenticeship, 
UW FHL) monitoring, now only in fall months, throughout the year and to expand the 
number of sites visited from 2-3 to 5-10. This would be the equivalent of repeating the 
monthly JEMS effort, and would include sites at the northern end of San Juan Channel, 
the central area of San Juan Channel, the northern end of the MSA and within some of 
the major embayments (e.g.  Eastsound, West Sound, others). 

 

2.4  Aquatic Vegetation   

Aquatic vegetation provides structure, habitat, and food for a wide variety of 
marine life.  Aquatic vegetation is not evenly distributed across the San Juan 
Archipelago, often occurring in patches, and the growth of the vegetation can quickly 
fluctuate as a function of nutrients, water clarity, and disturbance.  Due to their rapid and 
easily visible response to stress, kelp and eelgrass are frequently identified as strong 
indicators of environmental health. 

 

a.  Kelp and Other Marine Algae (MSA Targets: Rocky Intertidal Communities, Rocky 
Subtidal Communities) 

 Kelp are among the largest and most productive marine macroalgae and 
frequently form beds and zones visible from shore or from the air.  Kelp beds provide 
habitat for a variety of fish and invertebrates (Ghelardi 1971, Carr 1983, Murphy et al. 
2000), and may be especially important as habitat for juvenile rockfish in the San Juan 
Archipelago (Hayden-Spear 2006).  Moreover, in nearshore marine habitats kelp are a 
critical source of particulate organic material that is an important food source for many 
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filter feeding invertebrates (Dunton and Schell 1987, Duggins et al. 1989).  Kelp are 
marine algae in the order Laminariales, of which 20 species are found in Washington 
State (Gabrielson et al. 2000).  Kelp beds vary from site to site and from year to year in 
their extent, and are controlled by a suite of physical and biological factors (Carney et al. 
2005, Duggins 1980, Dayton and Tegner 1984, Grove et al. 2002, Maxell and Miller, 
1996, Shaffer and Parks, 1994), including direct competition (Dayton 1985). 

 PSAMP monitors floating kelp beds (Nereocystis luetkeana and Macrocystis 
integrifolia) annually (Nearshore Habitat Program, DNR) and has done so since 1989 
along the Strait of Juan de Fuca and outer coast of Washington using infrared photos to 
identify floating canopy area and total surface area of floating kelp beds.  However, the 
extent of kelp canopy visible in aerial surveys, even when done at low tide, depends also 
on how strong the currents are since blades and floats can submerge completely in strong 
currents (Britton-Simmons et al. 2008). This finding should be useful in designing future 
surveys and in interpreting apparent changes over time. Currently, understory (not 
floating) kelp are not being monitored as extensively. Within the MSA, researchers at the 
UW FHL and TNC have established annually assessed transects at several sites in San 
Juan Channel along which understory kelp cover is being measured, and one time surveys 
have also been conducted at some sites within the existing UW MPAs (Britton Simmons, 
unpublished data). 

 

Floating Kelp. According to the Nearshore Habitat Program, floating kelp beds occur 
along 11 percent of Washington marine shorelines (NHP 2001). They are most abundant 
in rocky wave and current swept habitats in the Strait of Juan de Fuca, the San Juan 
Archipelago and along the outer coast, with much lower abundance in central to southern 
Puget Sound and Hood Canal.  The bull kelp, Nereocystis luetkeana (Ind) is the dominant 
species throughout the Puget Sound region, although the giant kelp Macryocystis 
integrifolia co-occurs along the Strait of Juan de Fuca and the outer coast. Floating kelp 
is one important refuge habitat for juvenile rockfishes (Buckley 1997). Bull kelp is 
identified as an indicator for rocky subtidal communities in the MSA Plan.  

Harvesting of sea urchins along the Strait of Juan de Fuca, and probably within 
the MSA, has been implicated in affecting the kelp canopy area in the Strait of Juan de 
Fuca (PSAT 2007).  Floating kelp in the Strait more than doubled in total area from 1989 
to 2000 (Berry et al. 2005), and there have been increases in many outer coast and Strait 
shoreline sections (18 of 66  sections) between 1989 and 2004 (DNR data in PSAT 2007, 
Fig. 2-3.), and decreases in only one of the easternmost sections in the Strait. Most 
shoreline Sections showed no change over that time period (47 of 66 sections).  

The reintroduction of sea otters to the Washington coast in 1969-1970 (Lance 
2004) may also affect kelp beds as they also remove substantial numbers of urchins. 
Carter and VanBlaricom (2002) and Carter et al. (2007) studied this potential effect in 
San Juan Channel by experimentally removing urchins; the effect on kelp populations 
overall was not evident.  This may have been due to the generally low urchin densities at 
these sites or the tendency for red urchins in this region to feed primarily on drift algal 
material rather than attached algae. Ocean warming, Pacific Decadal Oscillations, and 
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ENSO related changes in temperature and nutrient concentrations may also contribute to 
year to year variation in kelp beds in this region (PSAT 2007). 

 

Understory Kelp.  Understory kelp lay on or near the bottom and probably constitute by 
far the majority of kelp biomass in the MSA. They are present virtually everywhere there 
are shallow rocky areas, less than 15 m depth, even when floating kelp beds are absent 
(Webber, 1981).  However, they do not show up well in aerial photographs, especially 
when water clarity is low.  The common species within the MSA are Laminaria 
complanata, Saccharina latissima, Saccharina subsimplex, Agarum fimbriatum, and A. 
clathratum, with lesser and local abundances of Pleurophycus gardneri, Costaria costata 
and Alaria marginata.  They often occur in mixed groupings and can be several layers 
thick, and the species composition varies by wave and current exposure.  Beds of kelp in 
the MSA are currently being invaded by a non-kelp floating brown alga, Sargassum 
muticum, a non-indigenous species that has become quite common in the region 
(DeWreede 1978, 1980, WA-DNR Shorezone Inventory) and which probably competes 
directly with understory kelp (Britton-Simmons 2004). Understory kelp are identified as 
an indicator (Ind) for rocky subtidal communities in the MSA Plan. 
 

Understory kelp form the majority of the diet for red sea urchins, 
Strongylocentrotus fransiscanus within the MSA, as well as supporting other urchins and 
grazing mollusks, micrograzers, and suspension feeders utilizing kelp detritus (Duggins 
1981, Duggins et al. 1990, Duggins and Eckman 1994, Duggins and Eckman 1997, 
Duggins et al. 1989, 2001).  Drift kelp detached from the substrate makes its way to 
deeper and non-rocky habitats throughout the region and supports populations of sea 
urchins in such habitats that lack much local productivity (Britton-Simmons, ms.).  As it 
breaks down and becomes small detrital particles, this kelp-derived production may also 
add substantially to the organic food supply in deep muddy and sandy habitats 
(Simenstad et al. 1993, Smith et al. 1985), and even to high intertidal zones (Lewis et al. 
2007). Waves and currents are very important for kelp growth and growth form, and 
distribution of kelp detritus and the presence of kelp affect many other components of the 
benthic community (Eckman et al. 1989, 2003, Eckman and Duggins 1991, Duggins et al. 
2003). 

 

Other marine algae include a broad diversity of brown, red and green species for 
which this region is justly renowned (hundreds of species) (Thom et al. 1976, Andrews 
1977, Lindstrom and Foreman 1978, Thom 1980, Harley 2003b, Blanchette et al. 2003, 
,Menge et al. 2003). Some of the most obvious species are the rockweeds (brown algae) 
that cover much of the intertidal (Fucus spp.)  (Thom 1983, Van Alstyne and Pelletreau 
2000, Speidel et al. 2001, Wright et al. 2004, Irvine 2005, Dethier et al. 2005), low 
intertidal kelp (Pfister 1992a, Van Alstyne et al. 1999ab), the sheetlike green ulvoids 
(Ulva, Monostroma), some of which exhibit bloom characteristics (Nelson 2000, 2001, 
Nelson and Lee 2001, Nelson et al. 2003, Van Alstyne et al. 2003, 2007), red Nori 
(Porphyra spp.), and the difficult to identify, but very diverse, branched red algae and red 
crustose algae (Dethier 1994, Dethier and Steneck 2001).  The diversity of algae 
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increases from the high intertidal zone downward, and many species are distinctly zoned 
(Bulthuis 1992, Padilla Bay). Just below the kelp zone (> 15m), foliose red algae and 
pink coralline algae (also reds) often dominate space on rock surfaces, before petering out 
due to lack of light and being replaced by encrusting invertebrates in the deepest zones.  
The rock surface underneath understory kelp is also a prime habitat for these smaller and 
diverse algae (Hodgson and Waaland 1979, Garbary et al. 1999, Wyllie-Echeverria et al. 
2004b).  In general, these species are frequently collected and described, but they are 
difficult to quantify in the field so true estimates of their abundance are lacking for most 
sites. They are also important components of the food web, and can be the main primary 
producers in rocky habitats lacking kelp. In soft bottom habitats, benthic productivity is 
dominated by microalgae (e.g. diatoms) on the sediment surface. 

 

b.  Seagrasses   (MSA Target: Nearshore mud, sand and gravel communities) 

Globally, seagrasses provide valuable ecological services, including nursery 
habitat and sediment stabilization, in the nearshore environment and are sensitive 
indicators of local and broad scale ecosystem change (reviewed in Kenworthy 2006, 
Wyllie-Echeverria et al. 2006).  Therefore monitoring changes to plant distribution and 
density provides important information related to the carrying capacity of a particular 
system to support species dependent on seagrass cover such as juvenile fish, invertebrates 
and waterfowl in the Puget Sound including the San Juan Archipelago (Phillips 1984).  In 
addition, because these plants rapidly respond to adverse water quality conditions, such 
as increased turbidity or eutrophication, they provide an early warning of events that may 
have more broad ecosystem impact (Neckles 1994).   

 
These features motivated The Washington State Department of Natural Resources 

(WDNR) to select the seagrass, Zostera marina (eelgrass), ubiquitous throughout 
Washington State (Phillips 1984), as an important indicator of ecosystem condition in the 
greater Puget Sound (Berry et al. 2003). Elements of the WDNR monitoring program 
included the computation of abundance estimates and the upper and lower limits growth 
along the tidal gradient.  Results of this monitoring program, launched in 2000, indicate 
that while the sound wide estimates of abundance have remained relatively constant, 
there is evidence that site level decline is common throughout the region (Gaeckle 2007).  
For studies of seagrasses in the PSR, see: (Thom 1988, 1990, Williams and Ruckelshaus 
1993, Ruckelshaus 1995, Nelson 1997, Nelson and Waaland 1997, Van Mooy et al. 2002, 
Dumbauld and Wyllie-Echeverria 2003, Wyllie-Echeverria et al. 2003ab, Haugerud et al. 
2004, Hughes and Wyllie-Echeverria 2007, Rearick et al. 2007). 
 

Seagrass species respond relatively quickly to environmental change at local and 
regional scales. For example, an overwater structure that does not allow sunlight to reach 
the seafloor, excessively hot or cold temperatures (or both) in the lower intertidal region 
or disease can result in reduction or elimination of seagrass cover in one growing season.  
Conversely, an increase in local or regional water clarity can bring about the population 
expansion.  Therefore monitoring the distribution and density of seagrass species can 
provide a signal to noise ratio that enhances prediction of overall ecosystem health 
(Norris et al. 1997). There are caveats, however.  It is now widely recognized that 
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variation in seagrass stem density or bottom cover, while potential indicators of the 
direction of change, cannot be reliable to forecast population collapse.  In order to fine-
tune forecasting ability tools of molecular ecology, biochemical analysis, and pathology 
are being considered as important elements in seagrass monitoring programs 
(Watabayashi et al. 2002). 

 

Existing Monitoring. In the wake of the dramatic and sudden loss of the seagrass, 
Zostera marina (eelgrass, Ind) (PSAT 2007), the Friday Harbor Laboratories (FHL), UW, 
Friends of the San Juans, and the United States Geological Survey, Pacific Science 
Center, Santa Cruz collaborated to initiate a monitoring program at several sites (See 
Appendix 4 for location) in 2005.  Collaboration between FHL and USGS in this 
program continues.  In addition, FHL also began to monitor two other seagrass species, 
Phyllospadix scouleri and Zostera japonica, (Harrison and Bigley 1982), in 2005 and 
2006 respectfully.  Monitoring metrics include sterile and flowering stem density, 
rhizome internode length, canopy height and disease diagnosis of leaf material. Estimates 
of genetic diversity between sites and clonal diversity within a site are underway with Z. 
marina and P. scouleri and biochemical analysis of Z. marina below ground tissue will 
be initiated in a pilot program at three sites in summer 2008.  Water quality in eelgrass 
habitat has also been investigated recently (Kull et al. 2007). 

 

Proposed Monitoring. It is fairly well established that a reduction in the 
distribution and density of local and regional (and potentially hemispheric) seagrass 
populations forecast a decline in overall ecosystem health in estuarine and coastal 
systems.  That said, it is also recognized that monitoring changes in abundance (e.g. stem 
density) is not sufficient to predict population collapse (or increase) (Hemminga and 
Duarte 2000). Ongoing investigations in the San Juan Archipelago suggest that in 
addition to monitoring stem density a rigorous monitoring program should also 
characterize population sub-structuring and site-specific clonal diversity patterns to 
understand the impact of disturbance events, both natural and human caused, on the 
health and resilience of seagrass flora at local and regional scales.  This is supported by 
other studies on the West Coast of North America (e.g. Muñiz-Salazar 2006).   

 
Tracking the success of sexual reproduction from fertilization to seed viability 

and the capacity of rhizomes (buried stems that function as storage organs) to store 
energy necessary to facilitate growth in fall and winter, can reveal yearly variation in 
distribution and density patterns. Fertilization and seed viability rates can be determined 
through microscopic evaluation of floral development and seed staining procedures in the 
laboratory (Wyllie-Echeverria and Alphin in prep); rhizome efficiency is evaluated using 
chemical techniques to determine proximate constituents within tissue samples (Dawes 
1998).  Sexual reproduction and rhizome storage are controlled by environmental 
conditions with primary regulation related to temperature, submarine light and water 
motion.  Recent advances in the development of remotely operated sensors to track 
environmental conditions makes it possible to relate change in floral development 
(including seed viability) and/or rhizome efficiency to conditions at particular sites. In 
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order for response variables such as stem density, floral development and rhizome 
efficiency to have predictive value, environments conditions must also be monitored. 

 

d.  Salt Marshes 

Although there are extensive salt marshes on the nearby mainland (e.g. Padilla 
Bay, DePhelps 1996), salt marshes within the MSA are very limited in extent. Salt 
marshes are dominated by grasses of terrestrial origin, which are adapted to regular 
immersion in seawater, and exposure to air during tidal cycles (Eilers et al. 1982,1984, 
Ewing 1983, 1984, Thom and Hallum 1991, Thom 1992, Heatwole and Simenstad 2004). 
Salt marshes provide unique habitat for particular benthic marine species, as well as for 
insects and birds (Smith 1976,  Kentula 1986, Williams and Hamilton 1995).  Invasion by 
the east coast marsh grass Spartina alterniflora has been documented in many sites along 
the west coast, including Washington (Dumbauld 1995, Stiller and Denton 1995, Kilbride 
and Paveglio 2001, Hacker et al. 2001, 2004, Hellquist et al. 2002, Hahn 2003, Hedge et 
al. 2003, Holsman and McDonald 2004, Reeder and Hacker 2004,) and efforts to remove 
it have been locally successful.  At sites in Washington, it may take over areas that would 
otherwise be occupied by intertidal clam populations.  

(No existing or proposed monitoring) 

 

e.  Brackish water habitats 

Because of the lack of large rivers in the MSA, the extent of brackish water 
habitat is not large.  Most embayments are fully marine in character, although surface 
salinity can be reduced seasonally from Fraser River outflow, especially in the northern 
part of the MSA.  The southernmost tips of the islands are strongly affected by the Straits 
of Juan de Fuca and thus see less instances of reduced salinity.  True brackish water 
habitats are limited to enclosed lagoonal habitats with streams emptying into them, and 
intertidal habitats with freshwater input (Tanner et al. 2002). The fauna and flora of such 
habitats has not been quantified within the MSA. Note: Wetland area coverage is defined 
as an indicator in the MSA Plan, for the nearshore mud, sand and gravel communities 
target. (No existing and proposed monitoring) 

 

2.5  Intertidal Habitats and Biotic Communities 

 

The intertidal zone is the region between the highest and lowest points along the 
shoreline marked by the tides, and thus intertidal habitats experience both aerial and 
aquatic conditions regularly.  Across the Puget Sound Region, intertidal species diversity 
generally increases from south to north (Schoch and Dethier 1996, Dethier & Schoch 
2006) for soft substrates, however the mechanism behind this trend is unknown. 

 

Rocky Intertidal Communities (MSA Target) 
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 Rocky intertidal communities are characterized by distinct zonation, going from 
lichen and cyanobacterial assemblages in the highest reaches, the splash zone, to 
barnacles (Dayton 1971, Sebens and Lewis 1985) and algal assemblages in the high to 
mid intertidal, and subtidal species at their upper limits in the lowest zone. Mussel beds, 
characteristic of many west coast intertidal communities (Paine 1976, 1992, 2002, Paine 
and Levin 1981, Suchanek 1981, Seed 2000), are rare in the MSA (Dayton 1971). A few 
beds of the large California mussel (Mytilus californianus) can be found on the most 
wave exposed southwestern shores, and scattered individuals and small clumps of other 
Mytilus species occur throughout the MSA.  Seastars (Pisaster ochraceus, Leptasterias 
hexactis) are important predators in the intertidal zone (Menge 1972ab, Menge et al. 
1994), as are certain birds (e.g. oystercatchers) and mammals (raccoons, mink). 
Herbivorous mollusks can be very abundant (e.g. chitons, snails) and can determine the 
extent and species composition of their algal prey (Dethier and Duggins 1984, 1988, 
Duggins and Dethier 1985), and large beds of sea anemones (Sebens 1981, 1982, 1983).      
Extensive surveys of rocky intertidal communities in the MSA and nearby regions were 
conducted by Nyblade (1979). 

See also:  (Wootton 1991, 1995, 2002, Wieters and Navarette 1998, Connolly 1999, 
Harley 2002, 2003a, Jenkins et al. 2002, Paine and Trimble 2004, Freidenburg et al. 
2007). 

 

 Rocky intertidal communities are particularly susceptible to temperature and 
desiccation effects in this region, compared to other parts of the NE Pacific, because 
extreme summer low tides occur in the middle of the day, when solar effects are the 
strongest (Dayton 1971, Helmuth, 200xxx). Dayton (1971) recognized that the intertidal 
zone in the San Juan Archipelago did not support the high biomass characteristic of the 
exposed outer coast, probably because of the severe physiological stress combined with 
the lack of wave splash. Climate change is likely to make life in the intertidal zone more 
stressful here than in other parts of the Pacific Northwest. Intertidal communities are also 
subject to severe damage from oil spills, which float on water and thus end up coating 
intertidal rock, sand, and the creatures that live there, often with devastating effects. 

 

Oysters are important members of rocky intertidal communities; in the MSA; the 
invasive Asian oyster, Crassostrea gigas, has replaced native oysters and other intertidal 
species (e.g. Fucus) (Klinger et al. 2006). Olympia oysters are only known to inhabit 
Shoal Bay on Lopez Island (Betsy Peabody, pers. comm.).  In earlier reintroductions, all 
seeded populations died within two to three years because river otters ate the 
reintroduced individuals (Russel Barsh, pers. comm.). The conservation focus has shifted 
from reintroduction to enhancement (Betsy Peabody, personal communication) and they 
are also aquacultured in several locations in the Puget Sound Region, including Lopez 
Island.  Crassostrea gigas is the main oyster used for aquaculture in the state, and many 
sites have been dedicated to production of this species (Burnett and Milardo 2000, 
Dumbauld et al. 2000a, Dumbauld et al. 2001a, Dumbauld 2002) 
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Soft Substrate Intertidal Communities (MSA Target: nearshore sand, mud and gravel 
communities).  

XXX(Nichols 1972, Brenchley 1981, Carroll and Wethey 1990) 

XXXLogs, meiofauna:  (Sibert et al. 1979, Simenstad et al. 2003) Wilson (1991) birds 
prey 

 

Existing Monitoring. 

Whole community monitoring efforts in the San Juan Archipelago are limited.  Megan 
Dethier (UW FHL) assessed percent cover and counted the number of mobile individuals 
of all species present within 30 quadrats in the rocky intertidal zone on San Juan Island 
annually since 1989 (personal communication), at two sites (Cattle Pt., Reuben Tarte 
Park) as part of UW advanced research classes. Dethier similarly assessed four muddy 
intertidal sites on San Juan Island in 1993, 1998, and 2007. The Marine Conservation 
class began a third set of intertidal quadrats in summer 2007, which will be added to the 
overall FHL intertidal monitoring efforts in subsequent years. Rocky intertidal species 
richness (Ind) is defined as an indicator for the MSA target.  Height and width of 
intertidal zones are also indicators, as are abundance of limpets, barnacles and rockweeds 
(Fucus). The air and water temperature regime is also identified as an indicator (Ind). 

 

Intertidal clams in the San Juan archipelago (native clams, Ind) are monitored by 
WDFW by three types of surveys: creel surveys, effort surveys, and abundance estimates 
(Jenny Whitney WDFW, personal communication).  Since 1987 annual creel surveys 
have occurred at English Camp and Spencer Spit and entail asking diggers how many of 
each species of clam were harvested.  Effort surveys are conducted by flying above the 
shoreline at Spencer Spit, English Camp, and Mud Bay and counting the number of 
people on the beach at low tide.  Effort surveys began in 1984 and occur on a monthly 
basis between April and August.  These data are then extrapolated into total harvest 
counts based upon the creel survey findings and effort survey.   

 

Abundance estimates of the clam populations began in 1998 and are done 
annually at English Camp and Spencer Spit by extracting clams along transects.  WDFW 
has found that native littleneck clams have declined and invasive varnish clams have 
increased at Spencer Spit, consistent with trends for these species from California to 
Alaska.  Mechanisms for these population shifts remain unknown. The UW FHL K-12 
Program (Jenny Roberts, M. Dethier and colleagues, FHL, SJI public schools) have 
assessed clam populations at Argyle Lagoon beach annually since 199XX under 
supervision of FHL scientists and UW students. 

 

Whole-community sampling has not been conducted on a regular basis within the 
MSA, although there have been one time surveys at a number of sites. The physical and 
chemical conditions of nearshore sand, mud and gravel communities are also identified as 
indicators for this MSA target. These include depth of the anoxic horizon in embayments, 
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ammonia in sediments, and dissolved oxygen concentration in the water column (Ind).  
Grain size in embayments (Ind), and a productive supply of sediment for beaches (Ind) 
are also identified as indicators for this target.  

 

Proposed Monitoring. We suggest maintaining the UW FHL rocky intertidal 
sampling at Reuben Tarte and Cattle Point sites; a site at Cantilever Point (as close as 
possible to Nyblade’s 1970s site) was also added in 2007 and will be continued.  It would 
also be helpful to add sites at Cedar Rock and Pt. George on Shaw Is., Argyle Lagoon 
and False Bay to the UW efforts, since these are all Biological Preserves owned and 
maintained by UW. SJC could partner with FHL and the NPS to establish or maintain 
sites at American Camp and English Camp. 

New intertidal monitoring sites should be established on all the major islands, 
including rocky shores and soft sediment beaches or mudflats.  In addition to sampling 
the biotic communities, an effort should also be made to collect and archive frozen 
sediment samples to document hydrocarbons and other contaminants in these sediments 
prior to an oil spill or other contamination.  Sites should be selected such that there are a 
reasonable number along the path of tankers carrying oil and petroleum products, but 
should also be chosen to represent the various habitat types and regions within the MSA. 
This is a good opportunity for citizen monitoring since the major groups of rocky shore 
plants and animals can be taught to volunteers easily and they can survey sites using 
simple quadrat methods. Soft substrate methods are more difficult (Dethier and Schoch 
2005) and will probably limit the number of sites chosen.  

 

For intertidal survey methods see: (Dethier et al. 1993, Zacharias et al. 1998, 
1999, Ferdana 2002, Emmett et al. 2004, Ferraro and Cole 2004, Garono et al. 2004, 
Jamieson and Smiley 2004, Dethier and Schoch 2006, Murray et al. 2006) 

 

 

2.6.  Subtidal Habitats and Their Biota 

 

Subtidal habitats comprise most of the MSA; they include everything from flat 
muddy bottoms to vertical rock surfaces, giant sand waves, and everything in between.  
Compared to the very limited area of intertidal habitats, subtidal habitats are extensive in 
area and harbor a large biomass of animals and plants. The shallow subtidal zone is 
especially productive due to the abundance of kelp and other primary producers (other 
macroalgae, seagrass), and this productivity is exported to both intertidal and deeper 
subtidal habitats, providing food for large populations of invertebrates and their 
predators, including fish. 

 

Subtidal surveys in the MSA and in adjacent waters include:  (Lie and Evans 
1973, Bernard 1978, Webber 1979, Levings et al. 1983, Luternauer et al. 1983, Guenette 
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1996, Moran 1999, Copping and Mark 2004, Thuringer et al. 2004, Woodruff et al. 2004, 
(recreational diver surveys). 

 

Rocky Subtidal Communities (MSA Target). Characteristic biotic assemblages 
can be found on rock surfaces, including kelp and smaller algae on horizontal and sloping 
rock in shallow areas, and diverse marine invertebrates on vertical and steeply sloping 
rock as well as in deeper habitats (> 15 m) on horizontal rock.  These invertebrate 
communities are composed of sea anemones, sponges, sea squirts, barnacles, mussels, 
and hundreds of other species (Young and Chia 1982, Young 1985, 1986). Harvested 
resources from these habitats include kelp, sea urchins, crabs, sea cucumbers, and many 
species of bottom fish.  Artificial reefs have been constructed in some locations (Hueckel 
et al. 1989), but are generally not appropriate in sites that already contain substantial hard 
bottom.  

 

Soft Substrate Subtidal Communities (Target: nearshore sand, mud and gravel) 

Muddy and sandy areas have different assemblages of invertebrates, and few 
macroalgae, although shallow sediments are often coated with layers of diatoms and 
other microalgae. The physical and chemical conditions of nearshore sand, mud and 
gravel communities are also identified as indicators for this MSA target. These include 
depth of the anoxic horizon in embayments, ammonia in sediments, and dissolved oxygen 
concentration in the water column (Ind).  Grain size in embayments (Ind), and a 
productive supply of sediment for beaches (Ind) are also identified as indicators for this 
target. Biotic community structure varies greatly with grain size, water flow, and level of 
bioturbation in soft sediment communities (Smith 1981, Gallagher et al. 1983, Iribarne et 
al. 1992, Zardus 1995). Another soft substrate subtidal habitat is coarse sand, sometimes 
occurring as sand waves. There are several extensive fields of sand waves in the MSA, 
and these have recently been identified as important sand lance habitat (G. Greene, pers. 
comm.). 

 

 

Existing Monitoring.  Existing monitoring consists of rocky bottom transects (50 
sampling locations) maintained by UW FHL (K. Sebens) since 2006 in the Pt. 
Caution/Collins Cove area of the UW FHL Preserve (entire biotic community). Another 
set of subtidal transects has been established at Yellow Island and was sampled in 2006 
and 2007 (M. Dethier, UW FHL). WDFW monitors fish populations at these sites and at 
Pt. George on Shaw Island, within the established MPAs. Citizen volunteers (REEF) 
(www.reef.org) conduct SCUBA surveys of some of the large common invertebrates and 
fish at over 50 sites in the MPA (not monitored over time). Other subtidal monitoring 
protocols combine a rapid field assessment, and substantial taxonomic lumping, with 
extensive collections that can provide accurate species identification later (e.g. NAGISA, 
http://www.coml.org/descrip/nagisa.htm). 
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Proposed Monitoring. We suggest maintaining the UW FHL sampling at Pt. Caution/ 
Collins Cove sites.  It would also be helpful to add sites at Cedar Rock and Pt. George on 
Shaw Is., near Argyle Lagoon and outside False Bay to the UW efforts, since these are all 
Biological Preserves owned and maintained by UW.  New subtidal monitoring sites 
should be established on all the major islands, including rocky shores and soft sediment 
habitats, especially in areas outside the protected areas where there are now none.  We 
also suggest a broadscale survey of subtidal habitats, similar to that done for intertidal 
ones through out Puget Sound (Dethier and Schoch 2005) within the MSA, to establish 
the species present and map the habitat types. This could be done in conjunction with 
mapping rockfish habitat, for example.  

 

Citizen science has a good track record with subtidal surveys (Copping and Mark 
2004), because trained SCUBA divers take part in volunteer efforts to describe subtidal 
habitats and creatures.  Locally, we have an excellent example in REEF (www.reef.org) a 
group that works with SeaDoc Society (Joe Gaydos) to quantify common subtidal species 
in the Pacific Northwest, including over 50 sites in the MSA. Data from these surveys are 
available on the REEF website. 

 

a.  Sea Urchins 

Four species of sea urchins (Ind) inhabit the San Juan archipelago, and two are 
commercially harvested: red (Stronglyocentrotus franciscanus) and green (S. 
droebachiensis) urchins.  The purple urchin, (S. purpuratus) is common on the outer 
coast and rare in the MSA, and the fourth is a deep-water species (S. pallidus) common at 
some sites in the MSA. Index stations surveyed by WDFW in 1995, 2005, and 2007 
indicate that the red sea urchin population is stable (Bradbury 1991, PSAMP 2007).  
WDFW also attempted to monitor the green sea urchin abundances but discovered that 
green sea urchins were too mobile to monitor with static index stations.  However, 
landings of green sea urchins indicate that current harvest levels are controlled and 
sustainable (Michael Urlich pers. comm.). The San Juan Channel region is closed to 
urchin harvesting at present, since 199XXX.   

 

b.  Sea Cucumbers 

The red sea cucumber (Parastichopus californicus) (Ind) occupies a wide range of 
habitats from deep to shallow, muddy to rocky areas.  Despite commercial harvest, no 
monitoring programs exist for red sea cucumbers because their mobility renders current 
monitoring methodology (stationary index stations) ineffective.  Current harvest 
quantities are considered conservative and sustainable by WDFW, although no data exist 
to substantiate or refute this claim. There are several other sea cucumber species in the 
MSA, one of which (Cucumaria lubrica XXX) forms extensive subtidal beds, and is a 
common prey species for other invertebrates such as seastars (Mauzey et al. 1968, 
Rodgers and Bingham 1976).  
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c.  Pinto Abalone 

Pinto abalone (Haliotis kamtschatkana) inhabits rocky substrates, often near kelp 
beds.  Although these herbivores have never been commercially harvested in 
Washington, dramatic declines during the last twenty or more years across their range 
(Rothaus et al. 2003) have resulted in pinto abalone being listed as a species of concern 
by the U.S. National Marine Fisheries Service, listed as threatened by the Committee On 
the Status of Endangered Wildlife In Canada, and listed as endangered by IUCN. There 
was a sport fishery on this species until 1994. 

A monitoring program lead by WDFW at ten index stations across the San Juan 
archipelago found dramatic declines between 1992 and 2005 (Ref XXXX).  This program 
also found a shift in the size (age) structure of pinto abalone, with increasing frequency of 
larger (older) animals, thus suggesting a decline in recruitment. A total of 66 recruitment 
modules (stacks of tiles with spaces between) have been placed at three sites with known 
abalone populations and studied between spring of 2005 and fall of 2007 (Don Rothaus, 
pers. comm.); data from this study indicate recruitment is minimal to nonexistent, and 
thus populations may not be sustainable. This species does maintain more viable 
populations in Canada. Rising seawater temperatures, and ocean acidification, will 
further challenge this northern, cold-adapted, species. Efforts to enhance local 
populations (Straus et al. 2005), and to increase density at selected sites, are underway 
and may provide a means to rehabilitate populations in this region (WDFW). 

 

d.  Crabs and Shrimp 

WDFW has monitored commercial crab harvest since the 1970s by fish tickets 
filled out by harvesters (Williams 1979).  Also, beginning in 1995, WDFW annually 
samples the abundance and shell condition of tanner, Dungeness (Cancer magister), and 
red rock crabs at standard crab plots (Don Velasquez, pers. comm.), some within the 
MSA.  The crab fauna of the MSA is diverse and includes important and common species 
that are not harvested, including the kelp crabs, red rock crabs (Baldwin et al 1992), and 
others.  Dungeness crab are important predators on other benthic species (Stevens et al. 
1982, 1984).  Harvest increased from 1995-2005 by about 25% (PSAT 2007). Dungeness 
crab recruitment and habitat use have been investigated at a number of sites on the outer 
coast (Armstrong and Gunderson 1988, Dumbauld et al. 1988, 1993, 1998, 2000b, 
McGraw et al. 1991, Fernandez et al. 1993ab, 1994, Iribarne et al. 1994ab, 1995, 
Eggleston and Armstrong 1995, Eggleston et al. 1998, Banks and Dinnel 2000, Warner 
and Visser 2000, Armstrong et al. 2003, Holsman et al. 2003ab, 2006, Visser et al. 
2004,), and in the PSR (McMillan et al. 1988ab, 1995, Dinnel et al. 1989, 1993). For 
shrimp, abundances and sex ratios are monitored at 10 locations within Griffin Bay and 
Iceberg Point by WDFW twice annually (WDFW, unpub. Data). 

XXXFor invasive species (e.g. green crabs) see Section 5.11 

 

e.  Other invertebrates 

Recent investigations have provided evidence of extensive glass sponge 
populations on deep rocky reefs within the MSA, particularly along the west side of San 
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Juan Island and south of San Juan Island and Lopez Is. (R. Johnson, pers. comm.). These 
deep water sponges are fragile and are threatened by bottom trawling and by changing 
environmental conditions. While these species have been collected in the past (e.g. 
specimens in FHL collections), the extent of their populations has not been determined 
and should be a focus of future monitoring and mapping.  The MSA, and the PSR, are 
also home to populations of the world’s largest octopus (Octopus dofleini, Hartwick et al. 
1984), as well as several smaller species.  

 

2.7  Fish  

a.  Groundfish   

 Groundfish live close to or on the bottom as adults, and there are over 150 species 
in the Puget Sound region.  Many of these species have been heavily fished in past 
decades, and some populations have declined severely since the 1970s, including Pacific 
cod (Gadus macrocephalus), Pacific hake (Merluccius productus), walleye Pollock  
(Theragra chalcogramma), spiny dogfish (Squalus acanthias), and several rockfish 
species (Sebastes spp.) (PSAT 2007, Figs. 2-23 to 2-29).  

The severe decline in groundfish throughout the Puget Sound Region (PSAT 
2007, Fig. 2-31) has probably had consequences throughout the food web.  It has been 
suggested that the removal of large numbers of predatory fish (e.g. cod, dogfish) in the 
Puget Sound Region may have released crabs, ratfish, flatfishes and possibly other 
invertebrates from predator control thus allowing their populations to increase (PSAT 
2007).  The status of Puget Sound region groundfish has been reported in Kuons and 
Cardwell (1981), Palsson et al. (1997), PSAT 2000, PSAT 2002, PSAT 2007. 

 

Rockfish, Lingcod and Greenling (MSA Target) 

A broad discussion of groundfish stocks in the Puget Sound Region is available in 
the 2007 Puget Sound Update (PSAT 2007), which includes WDFW data on several 
rockfish species.  This region contains at least 27 species of rockfishes, ten of which were 
common targets of recreational fishing.  Data are available only for copper and quillback 
rockfish (Sebastes caurinus and Sebastes maliger), showing that spawning potential has 
dropped to about a quarter of that in the 1970s  (PSAT 2007,  Figs. 2-27 to 2-29).  
Rockfishes are long-lived, slow growing, and slow to recruit and thus have not yet 
recovered from decades of harvest, even though increasingly stringent limits have been 
placed on catches of rockfishes over the past two decades.  

Lingcod (Ophiodon elongatus) collapsed before the 1970s in the south Sound 
area, and did so during the 1980s in north Sound. Both areas have shown strong recovery 
since stricter limits were put in place, including a five-year moratorium in the south 
sound (PSAT 2007, Fig 2-30). In the MSA, lingcod are larger and more abundant in 
MPAs, where they are feeding on a variety of forage fish, shrimp, salmonids and some 
rockfish species (Beaudreau and Essington 2007).  

Greenling (Family Hexagrammidae) are often the most common groundfish 
species in shallow rocky subtidal areas in the MSA.  Their populations are currently 
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recovering from decades of harvest and they seem to be at least locally abundant.  Their 
status is considered “average” in south Sound, and “unknown” in north Sound (and the 
MSA) according to WDFW (PSAT 2007, Table 2-3).  Monitored flatfish species have 
been increasing in the north sound, the region closest to the MSA, with English sole 
(Parophrys vetulus) biomass showing the highest gain (PSAT 2007).  

This MSA Plan target identifies several indicators (Ind) including: areal coverage 
of rocky habitat, juvenile rockfish refuge (understory kelp, floating kelp rafts), population 
size (based on harvest records, in situ surveys), spawning potential (age structure of 
selected species), and sufficient recruitment (young of the year).  

 

Existing Monitoring.  WDFW’s comprehensive review “The Biology and 
Assessment of Rockfishes in Puget Sound” is expected to be available in late summer 
2008 xxxx.  This report comprehensively reviews the distribution, life history, and status 
of 28 species of rockfish in the greater Puget Sound area, 20 of which have been found in 
the San Juan archipelago. In general, rockfishes occur in benthic rocky reef habitats and 
in open water.  Monitoring of occurrence and abundance occurs through trawl, video, and 
SCUBA surveys 

Focused studies by Eric Eisenhardt in the San Juan Islands document the 
abundance of rockfishes in regulatory marine reserves compared with nearby reference 
sites (Eisenhardt 2001) and similar comparisons for voluntary bottomfish recovery zones 
(2007) (Eisenhardt 2007, MRC report).  Since 2004, WDFW has instituted systematic 
monitoring of rockfish harvest including estimates of both retained and discarded catch.  
Previously, recreational harvest estimates were only conducted in conjunction with 
sampling of salmon catch and were not available during periods when salmon fisheries 
were closed. 

 

Proposed Monitoring.  Because the MSA plan hypothesizes that further 
regulation of already reduced fishing mortality is necessary for the recovery of rockfish 
abundance and size distribution, close monitoring of these population characteristics will 
be important.  Focused assessments in regulatory, voluntary, and open areas should be 
continued on a regular basis to test hypotheses about the efficacy of harvest controls in 
affecting population characteristics.  Monitoring in MPAs and nearby control sites is 
being conducted by MWRA on a regular basis (W. Palsson, Pers. Comm.), including 
MPAs south of the SJC MSA.  Continued monitoring of the voluntary non-take areas has 
been funded by the MRC and by SeaDoc Society; we proposed regular monitoring of a 
broader range of sites as part of the MSA plan, funded by SJC through the MRC.  In 
addition, a one-time assessment of all suitable rockfish habitat in the San Juans will 
provide valuable information affecting the design of future monitoring plans as well as 
the MRC’s adaptive management of the current bottomfish recovery program. 

 

b.  Forage fish (MSA Targets: Pacific Salmon, Seabirds) 

Pacific herring (Clupea pallasi), surf smelt (Hypomesus pretiosus) and Pacific 
sand lance (Ammodytes hexapterus) (Ind) all utilize intertidal/lower subtidal benthic 
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marine habitats for annual spawn deposition and incubation (Pentilla 1997, Quinn 1999).  
Because of this obligate relationship with shoreline habitats at this critical life history 
stage, these species of forage fish are at risk from inappropriate human development 
activities.  Forage fish play a key role in marine food webs, connecting plankton and the 
wide range of larger predators, including fish, seabirds and marine mammals.   

 
Surf smelt and Pacific sand lance spawn on the upper third of sand/gravel 

beaches, while Pacific herring spawning occurs in lower intertidal and shallow subtidal 
habitats on submerged aquatic vegetation.  Surf smelt spawning activity has been 
documented year round in San Juan County.  Pacific sand lance spawn seasonally, from 
November through February.  Pacific herring spawn in San Juan County from late 
January through April. Abundances of larvae of surf smelt, herring, sand lance, and 
juvenile herring (Ind), are also identified as indicators for the Pacific Salmon MSA target. 
Adult abundances are indicators  (Ind) for the Seabird target. 
 
Existing Monitoring.  Surf smelt and Pacific sand lance. The San Juan County Forage 
Fish Project (FSJ 2004) conducted comprehensive county-wide surveys for surf smelt 
and Pacific sand lance spawning from 2000- 2003.  Aerial photo analysis with follow-up 
field verification at a subset of the sites identified over 600 beaches (roughly 80 miles) of 
potential spawning habitat in San Juan County (Moulton and Pentilla 2001). Between 
July 2001 and December 2003, 1251 bulk samples and forage fish field surveys were 
collected using WDFW protocol (Pentilla 2001) from 538 sites on 24 islands, 
representing 91% of potential spawning habitat San Juan County. Nine percent of 
potential spawning sites were not sampled as a result of: existing protected status (e.g. 
total length in preservation lands), physical access issues, time constraints, or a lack of 
landowner permission (only 17 sites out of 590 potential spawning beaches were not 
sampled due to denied access).  
 

Of the sampled sites, 254 (47%) were sampled one time and 284 (53%) were 
visited a minimum of two (and up to 11) times. At each survey site with suitable potential 
habitat, a bulk substrate sample was collected to determine evidence of spawn. Additional 
information on a variety of nearshore habitat variables was also recorded during field 
surveys. Variables recorded at each station included: latitude/longitude; tidal elevation; 
coded entries for beach substrate type, sample transect elevation, shade, spawn evidence 
and density; spawn incubation habitat width, potential spawn habitat length, and upland 
conditions. In addition, the presence of docks, eelgrass beds, seawalls, freshwater 
influence, outflow pipes, boat ramps and other major beach features were recorded. A 
digital photograph of the sample beach, with a latitude/longitude and date/time recorded 
on every photo, was also taken with each sample. 
 

In surveys conducted in San Juan County from 1989 to 1999, Washington 
Department of Fish and Wildlife documented 14 surf smelt and eight Pacific sand lance 
spawning sites (Pentilla 1999). The San Juan County Forage Fish Project documented 
positive presence of surf smelt or sand lance spawn at 50 beaches in San Juan County, 39 
(62%) of which were previously undocumented spawning sites. Coupled with the historic 
Washington Department of Fish and Wildlife data, 63 discrete spawning locations are 



 38 

documented for San Juan County, representing 11% of potential spawning sites and 16% 
of potential spawning habitat by length. Surf smelt spawn has been documented at 59 
sites in San Juan County, while Pacific sand lance spawn activity has been documented at 
eight beaches. Four locations, Jackson’s Beach and Cattle Point on San Juan Island, and 
two Mackaye Harbor sites on Lopez Island, contain both surf smelt and Pacific sand 
lance spawning sites. From the 81 positive samples collected at 63 discrete spawning 
beaches on eight islands in San Juan County, a total of 12.7 linear miles is now 
documented forage fish spawning habitat. 
 
Sand waves - TBAxxxx 
 
 

Proposed Monitoring.  The objective of previous forage fish spawning habitat 
assessment work in San Juan County was to identify sites utilized by surf smelt or Pacific 
sand lance for spawning.  Because WDFW had completed some surveys prior to the San 
Juan County Forage Fish Project, the documented forage fish spawning habitat data set 
incorporates data from a 20 year time period.  Because of these factors, little or no 
information is available on trends over time in terms of spawn density at individual sites, 
utilization of sites (seasonally and by year), consistency of spawning activity at known 
sites, or spawning activity at previously undocumented sites.  However, WDFW 
sampling protocol does support answering these questions if follow-up monitoring of 
forage fish spawning sites is conducted.  Monitoring efforts should include periodic 
monitoring (every 5 years?) of trends at documented sites, as well as more frequent 
exploratory surveys of potential spawn habitat as it is likely that many spawning sites 
remain to be documented.  This would also provide some insight into the question of how 
spawning habitat utilization may change over time.   
 

In addition, very little is known about surf smelt and Pacific sand lance 
populations during other life history stages.  Monitoring efforts could be expanded 
beyond spawning habitat to include assessment of larval and adult distribution.  This 
would likely also involve development of new or adaptation of existing protocols from 
other species and should be conducted by or in consultation with WDFW.  Some work is 
being done in southern British Columbia to determine genetic stocks of surf smelt; these 
efforts could provide a model for genetic stock monitoring efforts in the U.S.   
WDFW contact: Dan Pentilla, LaConner office and Darcy Wildermuth, Mill Creek 
office. 
 

Existing Monitoring.  Pacific herring. Washington Department of Fish and 
Wildlife conducts surveys of known Pacific herring spawning sites in San Juan County 
annually, including Westcott Bay, Blind Bay, West Sound, Eastsound, Mud Bay, Hunter 
Bay, and Shoal Bay.  Data are collected on herring spawn location, depth, timing, and 
density.  Species information on submerged aquatic vegetation is also collected.  
WDFW’s herring survey record in the San Juans goes back about thirty years, but 
sampling has not been annual over that time period (Thompson et al. 2003).  In 2004, 
Friends of the San Juans conducted exploratory surveys of additional, potential herring 
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spawning sites throughout the County using WDFW herring spawn deposition protocol.  
No new herring spawning locations were documented at that time.   
 

Forage fishes, when discovered in the proximity of sea lions and harbor seals (via 
acoustic surveys), are trawled and counted by WDFW (Darcy Wildermuth, personal 
communication). This work has been conducted annually since the 1980s. 
 
 

Proposed Monitoring.  Because of limited resources and the time it takes to bring 
survey crews to the San Juan Islands, WDFW only samples known sites and only at one 
to a few times during the spawning window (late January through April), although they 
try to hit peak spawning events at each site. WDFW Pacific herring spawning monitoring 
protocol can be used as a basis for monitoring Pacific herring spawn activity, geographic 
extent, timing, and density. Increasing monitoring frequency would likely be informative.  
Potential sites for the exploratory monitoring effort (FSJ 2004) were defined based on a 
combination of:  habitat characteristics (presence of preferred submerged aquatic species 
such as Zostera marina and Gracilariopsis); credible reports (collected by WDFW and 
FSJ); and review of historic documents.   

 
Additional exploratory surveys could be conducted at these sites in the future as 

they were only sampled in 2004.  Trends in submerged aquatic vegetation coverage at 
known herring spawning grounds can also be analyzed from existing data sets and 
included in future monitoring efforts using the same protocol.  For example, discovery of 
dramatic eelgrass declines in Westcott Bay were first documented during the course of 
annual Pacific herring spawn surveys.  Improved understanding of non spawning life 
history stages of herring and genetic stock identification monitoring efforts would also be 
informative to management of this key species (WDFW contact: Kurt Stick, LaConner) 
 

c.  Pelagic Fish    

Anadromous fish, Salmonids (MSA Target: Pacific Salmon) 

Salmon species have declined precipitously from historic levels, but there are still 
harvestable populations of certain species.  The decline was already noted over a century 
ago, but has continued since then through heavy harvesting, damming of spawning rivers, 
and extensive habitat modification in watersheds, rivers and shorelines.  The existence of 
genetically distinct stocks has been documented (WDFW 1993), with an assessment of 
their status, including extinction of some stocks. These data were compared to 2002 
surveys (PSAT 2007, Table 2-4), showing large declines in healthy stocks of Chinook 
salmon and steelhead, and smaller declines for pink salmon. Puget Sound chum and coho 
salmon fared better during that time period, with an increase in the total number of stocks 
and number of healthy stocks, respectively.  Sockeye stocks showed no change and the 
status of coastal cutthroat is currently unknown (both species occur in the MSA).   

WDFW has listed Chinook salmon in Puget Sound, coastal bull trout, and Hood 
Canal summer-run chum salmon as “threatened “ since 1999. Puget Sound Steelhead 
were proposed as threatened in 2006 (PSAT 2007, Fig. 2-5). Relatively recent 
assessments of west coast salmonids, including this region, are provided by Busby et al. 
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(1996, steelhead), Gustafson et al. (1997),  Johnson et al. (1997),  (1999, cutthroat), and 
Myers et al. (1998). Much of the MSA is critical habitat for juvenile salmon, which use 
eelgrass, kelp, marshes and other very shallow water habitats as foraging sites, as they do 
in other parts of the PSR (Schmidt et al. 1978abc, 1979ab, Simenstad et al. 1981b, 
Simenstad and Salo 1982, Wissmar 1988, Congleton and Smith 1996, Simenstad 2000, 
Toft et al. 2004, 2007, Toft and Starkhouse 2005). 

The ecosystem-level effect of reduced salmon populations may include poor 
survival rates for southern orcas, which are also burdened by substantial tissue 
concentrations of toxic chemicals, and heavy boat traffic. Orcas feed preferentially on 
Chinook salmon, now considered threatened in this region. The food resource for orcas is 
thus substantially diminished at present, compared to one or two centuries ago. The MSA 
Pacific salmon target identifies several indicators (Ind) for salmonids, including 
population density (e.g. CPUE in December) and size structure of all salmonid species 
(resident or returning stocks), abundance of juveniles by species, availability of brackish 
habitat (per PSAT method), and forage fish (adult, larvae, juvenile) abundance (as prey). 

Existing Monitoring. A starting point for monitoring the Pacific salmon target for 
the MSA Plan is based on the Monitoring tab from the Conservation Action Planning 
(CAP) Workbook developed during the 5 S Process for the MSA Plan (spreadsheet titled, 
Pacific Salmon MSA Monitoring.xls), where the Indicators and Key Ecological Attributes 
(KEA) for Pacific Salmon are highlighted.  These Indicators and KEAs are included 
below with information regarding what current monitoring, assessments, or other 
information are available for each (see Appendix II). 
 

Proposed Monitoring.  Coordinator liaison for San Juan County (WRIA2), 
Rebecca Ponzio, was consulted regarding recommendations as to how the San Juans 
should be monitoring for salmonids.  Rebecca spoke with representatives from the Puget 
Sound Nearshore Partnership (PSNERP) and the Department of Ecology who are 
involved with tracking monitoring and developing monitoring standards.  Neither group 
has developed, as yet, any monitoring plans or recommendations for monitoring 
salmonids in the nearshore. However, we expect to request their engagement as we 
develop the San Juan County MSA Monitoring Plan.  Since PSNERP is chartered with 
developing monitoring standards and recommendations for nearshore environments for 
Puget Sound, they may wish to have an “on the ground” project as a pilot, and may be 
able to provide some resources to aid in the development and potential implementation of 
the local San Juan County MSA Monitoring Plan.  Additionally, since the primary habitat 
salmonids are utilizing in the San Juans is the nearshore, the Puget Sound Partnership 
Salmon Recovery xxxxx….. HOW DOES THIS CONTINUExxxxxx? 

 
Monitoring fish in streams and lakes  TBAXXX 

 

2.8.  Marine Birds  

a.  Overview - Marine and Coastal Birds (MSA Target: Seabirds) 

The MSA Seabirds target identifies population density of goldeneye (winter) 
harlequin ducks (winter), and rhinoceros auklets, and breeding colony size of glaucous 
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winged gulls, pigeon guillemots and pelagic cormorants, as indicators and 
hatchlings/nesting pairs of pelagic cormorants and oystercatchers (Ind).  It also identifies 
forage fish abundance as an additional indicator (Ind).  

Existing Monitoring. Bird surveys have been conducted in the greater Puget 
Sound area including the San Juans since the late 1970’s.  The Marine Ecosystem 
Analysis Puget Sound Project (MESA) was conducted in 1978 and 1979.  The objective 
was to record the abundance and distribution of a wide range of marine species in the 
inland waters of northern Washington.  Ten years later the Puget Sound Ambient 
Monitoring Program (PSAMP) contracted the Washington Department of Fish and 
Wildlife (WDFW) to develop marine bird surveys.  In 1992 David Nysewander lead a 
WDFW group in conducting aerial surveys of marine birds in Puget Sound and the Strait 
of Juan de Fuca. Their data is summarized at the web site of the PSAMP Marine Bird 
Density Atlas http://wdfw.wa.gov/mapping/psamp.  In 2003 John Bower at Western 
Washington University (WWU) began redoing the MESA study using highly trained 
undergraduates.  The three-year study was summarized at the 2005 Georgia Basin Puget 
Sound Research Conference (see PSAT 2007, Table 2-6). The catalog of Washington 
Seabird Colonies (Speich and Wahl 1989) published by the U.S. Department of the 
Interior (USFWS, MMS) is another excellent resource detailing all nesting and colony 
locations mapped through the 1980s (many within the MSA).  

 

The state of bird populations in the Puget Sound Region overall is discussed in 
detail in the 2007 PSAMP update (PSAT 2007). Overall, there are more than 100 marine 
bird species in the Puget Sound Region, and approximately 30 percent of those are 
monitored by PSAMP and WDFW.  Comparisons of bird populations in the  late  1970s 
with those 20 or more years later, show significant decreases in many species including 
Brandt’s cormorants, grebes, surf scoters, pigeon guillemots, marbled murrelets, scaup 
(several),  brant and long-tailed ducks, with only a few species showing a probable 
increase (harlequin ducks, common merganser) (PSAT 2002, PSAT 2007).  Scoters, 
dependent on eelgrass habitat and herring spawn, may be suffering from declines in 
herring populations (Bourne 1983, 1984, Lovvorn and Baldwin 1996, Lacroix 2002). 
COASST has volunteers walk beaches (at least 1km) and record all dead birds found by 
species; very few ever found (Kate Little, personal communication). 

 

The WWU study, reported in the 2007 PSAMP update, (PSAT 2007, Table 2-6) 
provides additional data showing strong declines (>20% since 1970s) in loons, common 
murres, Bonaparte’s and Heermann’s gulls, ruddy ducks and both common and Barrows 
goldeneyes, plus increases  (> 20%)in common loons, pelagic and double-crested 
cormorants, bald eagles, great blue herons, pigeon guillemots, rhinoceros auklets, white-
winged scoters, northern pintails and American widgeons.  This study estimates a decline 
of 27-47 percent for marine birds overall, and there is further information that declines 
have been most severe in and near urban areas along the eastern shores of central and 
southern Puget Sound (Casey Rice, pers. comm.). Nysewander et al. (2002) placed the 
decline in grebe and loon species at 64-95% over this same time period (see also 
Richardson 2000). See also Vermeer et al. (1994b).  
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Bald eagles were counted by WDFW on an annual basis beginning in the 1980s 
and continuing until 2002.  Since then surveys have been sporadic with the most recent in 
2005.  These aerial surveys entail flying over historically known nests and then 
secondarily above other possible locations (Ruth Milner personal communication). 

Proposed Monitoring. The San Juans were included in the MESA, PSAMP and 
Bower surveys.  Any current marine bird monitoring program should build on the surveys 
of the past using protocols developed by MESA and WDFW for PSAMP.  These surveys 
could be conducted every three to five years.  Like the Bower surveys, these surveys 
could be conducted through highly trained volunteers such as Beach Watchers or 
members of the local Audubon chapter. 

On a finer scale, the San Juan County Marine Resources Committee (MRC) has 
recently released a Marine Stewardship Area Plan (MSAP) that pinpoints individual 
species as indicators of the health of the marine bird populations.  These include black 
oystercatchers and pelagic cormorants.  These two species should be monitored yearly 
and again this could be done with highly trained volunteers.  Skagit and Island County 
Beach Watchers just completed at three year study of pigeon guillemots after receiving 
training from WDFW biologists.  

David Nysewander of WDFW, has been studying oystercatcher populations in the 
San Juans and has a protocol in place that could be used by local surveyors.  WDFW 
could also provide guidance on surveying pelagic cormorants.  At public hearings on the 
MSAP, participants wanted to know how they could become involved.  Marine bird 
surveying is an excellent example of how citizen science can help provide data to 
understand the health of the ecosystem. 

When any citizen monitoring is done, we want to first get together with WDFW 
to make sure the correct protocols are used so we can compare across studies adequately. 
We certainly want to be sure that surveys done are in accordance with minimizing any 
harm to the birds themselves (i.e. not conducting surveys during sensitive seasons, etc). 
Also, another way citizens can get involved is by participating in the COASST beached 
bird survey work. 

 

2.9  Marine Mammals (MSA Target) 

 Marine mammals within the San Juan Archipelago include: southern resident 
orcas (killer whales); transient killer whales; minke, gray and humpback whales; harbor 
seals; Steller sea lions; California sea lions; harbor and Dall’s porpoises; river and sea 
otters (transient). The MSA Target identifies population size of harbor seals, harbor 
porpoises, orcas as indicators (Ind), as well as breeding success of orcas.  The MSA plan 
also identifies prey for orcas (salmon) and tissue concentrations of harbor seals as further 
indicators.  

The federal government, through NOAA Fisheries, is currently responsible for 
monitoring the status of all marine mammals listed above.  In addition to its own 
activities, NOAA contracts with state and local partners to conduct the monitoring.  
NOAA also funds various research projects in San Juan County, and provides status 
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reports on most of the above marine mammal populations on its website 
(www.nmfs.noaa.gov/pr/species/mammals/). 

In addition to the above marine mammal monitoring efforts, which are primarily 
focused on population trends, the San Juan County Marine Mammal Stranding Network 
and SeaDoc Society monitor marine mammal health, via NOAA Fisheries contracts. The 
Whale Museum’s Soundwatch Program monitors vessel activity trends around marine 
mammals (primarily killer whales) and vessel compliance with local guidelines and 
regulations, in order to help protect the marine mammals’ health and habitats. The Whale 
Museum also compiles all regional marine mammal sightings data (from public hotline, 
Soundwatch, whale watch pager information, OrcaNetwork and south sound sightings 
contractors) into data reports annually.  
 

a.  River Otters and Sea Otters 

Once common along Washington’s coastline, sea otters (Enhydra lutris) were 
hunted for their pelts until the population went extinct.  In 1969 and 1970 fifty-nine sea 
otters were released and a survey in July 2005 counted a total of 814 individuals (XXXby 
whom?).  When compared to 1989 numbers, this total represents an annual average 
increase of 8.2%.  Hence the population appears to be growing with individuals 
inhabiting regions from Kalaloch to the western Strait of Juan de Fuca. Unfortunately the 
San Juan archipelago currently does not have any known sea otter populations, although 
individuals have been observed nearby. Potential effects of sea otters on subtidal benthic 
communities have been investigated experimentally in San Juan Channel (Carter and 
VanBlaricom 2002, Carter et al. 2007).  

Despite their name, river otters (Lontra canadensis) inhabit marine environments 
as well.  Although not definitively demonstrated, river otters likely reduce sea urchins 
numbers thus reducing herbivory on kelp and increasing the quantity of this resource (J. 
Gaydos, pers. comm.).  Currently the only monitoring of river otters is the necropsy work 
performed by Sea Doc at UC Davis (see above). 

 

b.  Harbor Seals 

The harbor seal (Phoca vitulina) is a long-lived, non-migratory mammal that is widely 
distributed across the northern hemisphere.  Since they feed upon a large variety of fish 
from fish to crustaceans, harbor seals bioaccumulate toxins and thus can serve as an 
indicator of marine contaminants.  Likewise because they haul out on beaches and rocky 
shores for pupping, harbor seals are believed to be sensitive to anthropogenic disturbance 
(Angell and Balcomb 1982, Suryan and Harvey 1998). 

Currently NOAA and WDFW conduct routine censuses, in addition to studying 
prey and stress levels.  The aerial surveys began in 1978 and are carried out 
approximately every five years across the inland waters of Washington and British 
Columbia (Jeffries et al. 2003).  WDFW, Steve Jeffries, et al. XXXconduct a routine 
census, in addition to specific prey and stress level studies with harbor seals. 
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c.  California Sea Lions 

Male California sea lions (Zalophus californianus) seasonally feed in the San Juan 
archipelago.  From fall until spring these opportunistic animals prey upon a wide variety 
of fish and invertebrates.  Due to their large size (upwards of 400kg) and abundant 
numbers, California sea lions can consume hefty quantities of salmonids thus presenting 
a threat to salmon runs. (Pat Gearin pers. comm.  –very few in SJA so no work done in 
this area). 

 

d.  Steller Sea Lions 

Stellar sea lions weigh up to 1000kg and thus are the largest otariid in the San Juan 
archipelago.  Within the county Steller sea lions use hauls outs located at Whale rock, 
Bird Rocks, Peapod Rocks, Speiden Island, and Sucia Island.  WDFW has monitored the 
populations since the 1990s using aerial surveys and found that Washington’s population 
have increased nearly 10% annually (Pat Gearin pers. comm.  – very few in SJA so no 
work done in this area). 

e.  Porpoises 

  Two species of porpoises inhabit the waters surrounding the San Juan 
archipelago, harbor porpoises (Phocoena phocoena) and Dall’s porpoises (Phocoenoides 
dalli).  Both species are small and feed on small non-commercially harvested fish, but 
their colorations are quite distinct.  Dall’s porpoises have striking black and white marks 
and frequently follow boat wakes, causing many observers to believe they are juvenile 
orcas.  Conversely harbor porpoises are nondescript and often avoid ships.  Interestingly 
within the San Juan archipelago Willis et al. (2004) documented that the two species 
interbreed. 

Harbor porpoises were once abundant in the 1940s but have since become a rare 
sight in the Puget Sound (Puget Sound Update).  Dall’s porpoises also used to abundantly 
follow the wake of boats in the San Juan archipelago, but recently the numbers appear to 
have dramatically dropped (Brad Hanson personal communication).  Since 1996 the 
National Marine Mammal Laboratory and Cascadia Research have performed semi-
regular aerial surveys in order to estimate populations sizes.  The current goal is to survey 
once every five years, with the last survey conducted in 2003.  NOAA has also collected 
stranded porpoises from across the county. 

XXXHarbor Porpoise, Dall’s Porpoise: NOAA Fisheries, Brad Hanson, et al. Routine 
census and Jeff Lake & Robin Baird – once every 5 years surveys harbor porpoises.  
Steve Jeffries WDFW works with Peter Ross examining contaminants. 

f.  Orcas 

i.  Southern Resident Killer Whales 
Populations of the Southern Resident Killer Whales have oscillated since the 

1970s, showing almost no net population growth, while populations of the adjacent 
Northern Resident Killer Whales have increased substantially over the same time period 
(NOAA SRKW Recovery and Research Plan 2006). This population was listed as 
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endangered in 2006 (NOAA), and has been the subject of studies to determine sources of 
mortality, including toxic burdens in their tissues. 
 

Long-term monitoring plans are included in NOAA’s SRKW Recovery and 
Research Plan, through both the NW Regional Office and the Northwest Fisheries 
Science Center. Annual census and photo identifications have been conducted since 1974 
and continue in conjunction with the Center for Whale Research.  NOAA also collects 
fecal samples, prey samples, biopsy samples, and analyzes the samples for contaminants, 
stable isotopes, and stress levels.  The Whale Museum and NOAA record acoustic data 
and study the effects of vessel traffic on orca behavior and vocalization. The Whale 
Museum annually compiles all killer whale sightings into an OrcaMaster data base, with 
maps and data available. No additional monitoring of these populations is recommended 
as part of the MSA monitoring plan. 
 
g.  Minke Whales 

XXXXneeds prose statements, actual reference citations 

eat herring and sand lance primarily around Waldron Island and San Juan Channel (2 of 
the 3 primary feeding sites in the Puget Sound).  Never hunted.  Population size estimated 
at 1015, unknown why so low. 

See: Northeast Pacific Minke Whale Project (http://www.northeastpacificminke.org/), 
John Stern, et al. Annual census, photo identifications and feeding behavior data; and 
Russ Hoelzel (UK) 

h.  Humpback Whales 

XXXXneed prose statements, actual reference statements 

occur in all oceans of the world.  endangered due to whaling through 1966.  Historically 
common around SJA, but whaling eradicated this population.  Sightings of whales in 
Puget Sound now occur occasionally.  SPLASH first complete census of humpbacks in 
North Pacific – began 2004 – will assess abundance, movement, pop. structure, human 
impacts.  Feed on krill and small fish. 

See: Cascadia Research, John Calambokidis, et al. Annual census and photo 
identifications (no work in the MSA). 

 

i.  Gray Whales  

XXXXneed prose statements, actual reference statements 

Grey whales migrate from Baja California (winter) to Bering Sea (summer), but some 
seasonal residents stay in the Pacific NW during spring, summer, and fall.  Hunted in 
Russia, not in USA.  Killed by fishing lines & boat strikes.  Biopsies revealed that 
contaminant loads are lower than other marine mammals.  Considered success for 
recovery from commercial whaling, thus removed from ESA in 1995.  Population ~ 
17,000.  Very few pass by SJA.  Most that do are emaciated & in poor health.  A few 
seasonal residents do feed on ghost shrimp off of Whidbey & Camano Islands.  Feed on 
organisms inhabiting the upper sediment layer along the waters bottom. Cascadia 
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Research, John Calambokidis, et al. Annual census and photo identifications (no work in 
the MSA). 

j. Other mammals 

Other marine mammals in the MSA include elephant seals and Pacific white-sided 
dolphins.  Several terrestrial mammals use marine resources, especially from the 
intertidal zone. These include raccoons and mink. 

 

Section 3.  Physical Environment and Habitat 
 
3.1   Overview 

Puget Sound, a large and complex estuary, receives water input from the regional 
watersheds and from the ocean.  Ocean water flows into Puget Sound at depth through 
the Strait of Juan de Fuca.  However, the characteristics of this water flowing in from the 
Pacific Ocean are not constant.  Water quality changes seasonally, interannually, 
according to large-scale atmosphere-ocean (e.g., El Nino-Southern Oscillation, Pacific 
Decadal Oscillation), and in patterns that we cannot predict, in response to other 
unidentified or random processes.  The variation in oceanic seawater associated with 
these various natural processes has important implications for our ability to assess Puget 
Sound region water quality.  
  
3.2    Marine Waters  (Temperature, Salinity, Density, Stratification, Dissolved 
Oxygen) 
 Ocean water coming into the MSA (Strait of Juan de Fuca) can fluctuate between 
high density waters with low oxygen and high nutrient content versus low density waters 
with high oxygen and low nutrient content, in response to upwelling/downwelling 
patterns generated by coastal winds and also from changes in coastal circulation.  Of 
critical note is that high nutrient-low oxygen water can mimic conditions that exist during 
human-caused eutrophication.  Therefore, estimates of water quality impairment may be 
misrepresented if ocean conditions are responsible, instead of human caused nutrient 
inputs and oxygen drawdown.  Moreover, the Strait represents a “choke-point” on which 
to monitor in-flowing oceanic waters (deep layer) as well as the integration of out-
flowing Puget Sound/Georgia Basin waters (upper layer), enabling valuable comparison 
of both water masses over time. 
 
Current Monitoring.   The Joint Effort to Monitor the Strait (JEMS) time-series of water 
quality stations in the Strait of Juan de Fuca was established in 1999 to fulfill a long-
standing need for the water quality monitoring at the boundary to Puget Sound, as part of 
the Puget Sound Ambient Monitoring Program. The need for water quality data from the 
oceanic input to Puget Sound was a long-recognized one, but was logistically difficult to 
execute.  The seaplane used by DOE to monitor marine waters could not be employed 
safely in the Strait due to swell. JEMS was established in 1999 as a response by DOE and 
PSAMP to this need. DOE used short-term funds (2-y) from King County Department of 
Natural Resources, the University of Washington’s Puget Sound Regional Synthesis 
Model (PRISM), and leveraged resources from Ecology, NOAA, and the UW Friday 
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Harbor Laboratories (FHL) to establish a monthly monitoring program at three stations 
across the Strait of Juan de Fuca.  The monthly cruise was conducted out of FHL facility, 
with technicians hired from FHL staff.  The data were urgently needed by King County 
as boundary conditions for computer modeling of their proposed outfall.  
 

JEMS data were cited at the recent Puget Sound-Georgia Basin Research 
Conference in numerous reports, including interpretation of nearshore vegetation 
(WDNR), macro-invertebrate dynamics (UW/WDFW), Hood Canal hypoxia (HCDOP), 
and general Puget Sound water quality (Ecology)).  JEMS water quality data during the 
drought of 2000-2001 demonstrated a four-fold decrease in the exchange velocity 
through the Strait, with implications for a host of ecosystem effects, including pollution 
dispersion, larval transport, water quality, etc. (Newton et al., 2003).  JEMS data were 
essential in documenting that the low oxygen signal in Hood Canal was not due to 
importation of coastal hypoxia (HCDOP, 2005). 
 

The figures in Appendix I show the JEMS time-series of data for temperature (Fig 
1), salinity (Fig 2), and oxygen (Fig 3) taken at the three stations that run N-S across the 
Strait of Juan de Fuca between San Juan Island and Pt. Angeles.  Shown are contours of 
monthly data, beginning in Sept 1999 through Dec 2004. Aside from the seasonal cycle, 
one can see distinct inter-annual temperature (Fig 1) variation; this variation mirrors the 
ENSO-driven pattern (colder 2000, 2001, 2002, warmer 2003, 2004). Also, the higher 
salinity (Fig 2) signal from the 2000-2001 drought is clearly seen in the record. Seawater 
density, which is determined by temperature and salinity, controls the degree of 
stratification or layering of water in Puget Sound.  There is also considerable inter-annual 
variation in the oxygen record (Fig 3). 
 

Why is variability in these properties important to the MSA?  Managers and 
researchers should be aware when changing ocean properties may be affecting the Puget 
Sound region: 
 
·   The variation in late summer dissolved oxygen concentration entering this region 

during this time-series is more than 1 mg/L (App. I, Fig. 3).  This amount is five times 
the level for assessment of human impacts (0.2 mg/L) mandated for Washington State’s 
evaluation of water quality in response to the Federal Clean Water Act.   

·   The variation in temperature and salinity alone is an important factor for species 
viability. 

·   Variation in density structure determines many key ecosystem qualities: 
  - when phytoplankton blooms occur; is food available when fish need it?     
  -strength of basin flushing/circulation; how quickly does water exchange? 
  - whether oxygen gradients are stronger or weaker; will natural conditions  
    select for low oxygen or not? 
 
3.3  Circulation (General Circulation Patterns, Upwelling) Current Modeling 
Efforts  
 XXXTBA  
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   The movement of water into and out of the San Juan Archipelago affects the 
biology and ecology of local species and communities of marine organisms.  
Currents within the MSA are important for transport of larvae, and movement of 
planktonic prey resources (Yao et al. 1985, Klinger et al. 2001,  Klinger and Kido 
2004).  Much of the water that enters San Juan Channel comes from the Strait of Juan de 
Fuca, which also supplies the rest of the PSR  (Holbrook 1980ab, Godin 1984, Lavelle et 
al. 1991, Mickett et al. 2004). On outgoing tides, water enters from the north, and this 
brings with it less saline water, and more suspended sediments, both originating from the 
Fraser River (Barrie and Currie 1997, 2000, Clague et al. 1983).  
 
a. Puget Sound Marine Environmental Modeling (PRISM) XXX  
 
b. Modeling Puget Sound Region Currents 
 
 
 

 
5. Intertidal and Coastal Monitoring  
 
a. weather stations TBA XXXX 
 
 
 
Section 4. Socio-cultural Targets 
 
4.1 Overview  

Socio-cultural values were included as targets for protection in the Marine 
Stewardship Area Plan (MSA Plan 2007) in recognition that quality of life, cultural 
values, and the economy of the San Juan Islands are closely tied to a healthy marine 
ecosystem.  Socio-cultural targets include: 
 

·  Enjoyment of the marine environment 
·  Thriving marine-based livelihoods 
·  Cultural traditions including aspects of ceremonial, subsistence, sustenance, and 

spiritual uses 
 

4.2 Socio-cultural Targets. Table 3 provides a ranked list of stresses affecting the socio-
cultural targets. 
 
Table  3.  Top stresses affecting the MSA socio-cultural targets. (MSA Plan 2007) 

Rank  Stress Rating 
1 Not enough fish to catch. very high 
2 Not enough opportunity for commercial fishing very high 
3 Fish contaminated with pollutants very high 
4 Shellfish contaminated with pollutants high 
5 Low availability of local seafood high 
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6 Not enough public access to beaches and shorelines high 
7 Marine views and/or viewsheds impaired by buildings high 
8* Not enough access to marine views and viewsheds high 
9* Little knowledge of historical/current marine cultural sites & traditions high 
10* Too few cultural activities and traditions are practiced high 
11* Not enough fish landed for local markets high 
12* Too few local vessels involved in commercial fisheries high 
13* Not enough local fishermen involved in the commercial fisheries high 
14* Wages too low in marine-based livelihoods high 
15 Not enough opportunity for sustenance fishing high 
16 Reduced quality of marine recreational experiences high 
17* Not enough big fish caught high 
18 Marine cultural sites and practices aren't respected high 
19 Not enough opportunity for recreational fishing high 
20 Not enough shellfish available to catch high 
21 Not enough access to shellfishing areas med 
22 Inadequate marine transportation infrastructure med 
23 Not enough boating facilities for residents' use med 
24 Not enough wildlife to view med 
25 Locally caught/raised seafood is too expensive med 
26 Not enough opportunities to learn about the marine environment med 
27 Little diversity in marine-based livelihoods med 
28 Not enough opportunities for marine research low 
29 Not enough boating facilities for visitors' use low 
30 Shellfish are too small low 
31 Not enough diversity of marine recreational experiences low 

* - equal value/tied with the stress above. 
 
 
Proposed monitoring.  Baseline definitions and assessment need to be established xxxx. 
Monitoring to measure progress in achieving the socio-cultural benchmarks should be 
conducted at five-year intervals. 
 
Benchmark SC-1:  Year-round recreational, commercial and sustenance fishing 
opportunities exist for county residents, tribes with usual and accustomed fishing rights 
and visitors by 2037.  Monitoring method:  survey people engaged in recreational, 
commercial, and sustenance fishing. 
 
Benchmark SC-4:  By 2017, locally harvested marine species pose insignificant risks to 
human health. Monitoring method:  Inventory recreational and commercial shellfish 
harvest sites that are open, conditionally open, and closed.  Document incidences of 
shellfish harvest and fishing advisories.   
 
Benchmark SC-5:  The majority (greater than 50%) of San Juan County residents and 
frequent visitors to the San Juan Islands are aware, involved, and feel ownership of the 
MSA. Monitoring method: Survey public knowledge of the MSA and stewardship 
behaviors.  Assess citizen participation at events, environmental training, and volunteer 
opportunities (Beach Watchers, Marine Naturalists, citizen monitoring).  Document 
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number and sustainable activities of businesses, government, and schools that engage in 
sustainable practices and offer green goods and services. 
 
Benchmark SC-6:  The scenic and natural marine environment is available for human 
enjoyment.  Monitoring method:  Conduct a survey to assess availability, adequacy and 
use of recreational sites, facilities, and public access to the marine environment.  Assess 
adequacy of outreach programs that foster sustainable use of these opportunities. 
 
 
 
 
 
Section 5.  Monitoring Threats to the MSA 
 

5.1  Climate Change  (Threat No. 2,  High) 

  

a. Changes in Temperature and Precipitation 

 Global air temperature has increased substantially over the past century, mostly as 
a result of the huge quantities of carbon dioxide added to the atmosphere by human use of 
fossil fuels.  Air temperature in this region (Puget Sound Region) has increased at about 
twice the worldwide average, and is accompanied by changes in water temperature, 
precipitation and snowpack.  Even if there are worldwide measures put in place to curb 
carbon emissions, global warming is predicted to continue for many decades before 
ceasing or reversing, and thus the changes we have already seen in the oceans are only 
beginning of many more to come.  

 

b. SST, Ocean acidification 

 Sea surface temperature in the Puget Sound region has also increased 
substantially over the past century. The best long-term record comes from Race Rocks, in 
the Strait of Juan de Fuca off Victoria, B.C., which goes back to the 1920s.  This data set 
shows an increase of over one degree Centigrade, most of which occurred since the 
1950s.  One degree is more than enough to affect the growth, distribution, breeding and 
larval success of marine invertebrates and fish (Helmuth 1999, Helmuth et al. 2002).  
Pacific cod and walleye Pollock, for example, are near their southern limit in the Puget 
Sound region, and higher water temperatures may already be suppressing their spawning 
success (PSAT 2007).  This rapid increase in temperature is projected to continue through 
the next century and beyond, so we can expect concomitant large changes in the 
abundance and north-south distribution of many of our locally common species. Higher 
temperatures are likely to have direct effects on physiology, behavior, growth and 
distribution of intertidal species (Bertness and Schneider 1976, Gutermuth and 
Armstrong 1989, Wootton et al. 1996, Harley and Helmuth 2003, Hoffman et al. 2003).  
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 The change in ocean temperature, and the increased amount of carbon dioxide 
coming into the ocean from the atmosphere, have already produced a measurable change 
in ocean acidity, resulting in surface waters that are now more acid than they have been 
for many thousands of years (Feely et al. 2004, Sabine 2004, Orr et al. 2005, Caldeira and 
Wickett 2005).  Increased acidity makes it harder for creatures that deposit calcium 
carbonate shells to calcify, including corals, mollusks, barnacles, and coralline algae as 
examples.  The larvae of marine invertebrates often use external shells for protection, and 
those shells do not develop properly as acidity increases (pH decreases).  Plankton that 
produce hard coverings are also at risk (e.g. pteropod mollusks, Fabry 1990, although one 
group (Coccolithophores) seems to be responding in an opposite direction from 
predictions (Iglesias-Rodriguez et al. 2008).   

As acidification increases, the depth at which calcium carbonate dissolves (rather 
than precipitates and crystallizes out of solution) becomes more shallow and thus affects 
more of the upper water column where most organisms live. This effect is predicted to be 
larger than average in the Northeastern Pacific Ocean, and thus in the water entering the 
Puget Sound Region.  The overall effect will be similar to that of temperature increase, 
favoring some species and groups and reducing others.  One difference is that species 
cannot shift north or south to escape the change because it will be so widespread.  Both 
changes will have serious consequences for the species that occupy this region, and we 
cannot predict accurately which species will be able to adapt, shift distribution, or which 
may disappear altogether.  Another complication is that it will be hard to determine if 
species are responding to these large-scale changes, to present or past harvest effects, 
toxic contamination, or some combination of these factors. The effects are also not likely 
to be additive; for example increased temperature could reduce the chances for recovery 
from past harvesting in the pinto abalone (a cold-adapted species), and increased acidity 
could make their larvae less able to survive and provide new recruits for the population.   

Monitoring. Sea surface temperature is monitored at DOE buoys and at NOAA 
tide stations.  UW FHL also monitors sea surface temperature at Cantilever Pt, at five 
depths.  The longest constant record is from Race Rocks, south of Victoria and Southwest 
of the MSA.  

 

5.2  Potential Sea Level Rise  (Threat No. 0, Medium) 

 Sea level rise is predicted to be over half a meter in the MSA over the next 
century, and close to a meter in lower Puget Sound (PSAT 2005). However, recent 
melting in polar regions has been higher than predicted, and it is quite possible that these 
predictions of sea level rise are on the low end. The expected result of sea level rise is a 
change in coastal habitats, with the creation of new wetlands, and new connections 
between existing wetlands and marine waters (Mofjeld 1992). Many marine and brackish 
water creatures will be able to migrate or have successful larval settlement in the new 
areas, but some previously brackish areas may become fully marine with a concurrent 
replacement of species. Foraging areas for juvenile salmon are likely to change as this 
occurs along with habitat loss for shorebirds (Galbraith et al. 2002). Buildings, docks, 
and shoreline structures may have to be abandoned or rebuilt inland as this rise occurs. 
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There may also be pressure from landowners to add shoreline armoring to prevent 
erosion on some shorelines.  

 

Monitoring.  NOAA tide gauges throughout the PSR, including one at UW FHL, give 
precise tidal heights and average sea level.  

 

5.3   Toxic Contaminants  (Threat No. 6, Medium) 

a. Overview 

Aquatic organisms are sensitive to a number of metal ions, such as copper, zinc, 
and arsenic, which may be naturally occurring or anthropogenic; as well as a wide 
range of organic compounds introduced into the environment by human activity 
including lawn and garden chemicals, household cleaners, paints and solvents, and 
lubricants, coolants and brake dust from motor vehicle use.  In addition, human 
residential and agricultural waste is rich in nitrates, which can boost algal blooms in 
aquatic ecosystems, including the toxic algae that can poison fish and make shellfish 
unsafe for human consumption (e.g. mercury, Zisette et al. 2002). Table 2. lists the 
chemicals of highest concern as classified by the Puget Sound Action Team. 

 

Table 2.  Chemicals of highest concern in Puget Sound (source: 2007 Puget Sound 
Update, PSAT 2007) 
   
metals (and organometals) organic compounds  

arsenic polychlorinated biphenyls (PCBs) 

cadmium polycyclic aromatic hydrocarbons  

(PAHs) phthalate esters 

copper pesticides 

lead dioxins and furans 

mercury polybrominated diphenyl ethers 

tributyl tin  (PBDEs) 

 hormone-disrupting chemicals (bisphenol A, 
nonylphenol, 17b-estradiol, 
ethynylestradiol) 

 

     Persistent Bioaccumulative Toxins (PBTs).  This group of contaminants is generally 
not being monitored regularly within the MSA. Information on monitoring programs 
throughout the Puget Sound Region can be found in the PSAMP 2007 Update (PSAT 
2007). Persistent Bioaccumulative Toxins (PBTs) in the food web include those 
chemicals that do not degrade rapidly and often accumulate in fatty tissues of animals, 



 53 

especially those higher in the food chain (herring, salmon, birds, marine mammals).  
WDOE identified PCBs, PBDEs, aldrin/dieldrin, benzo(a)pyrene, chlordane, DDT, 
dioxins and furans, hexachlorobenzene, mercury and toxaphene as those PBTs of greatest 
concern (PSAMP 2007). Endocrine disrupting compounds (PSAMP 2007, Table 4-6) and 
surfactants are also of becoming of increasing concern. Urban marine sediments are large 
repositories of PBTs (Long et al. 2005), but sediments in most other parts of the Puget 
Sound Region are relatively uncontaminated.  Mayer and Elkins (1990) examined 
agricultural pesticide runoff into Padilla Bay just east of the MSA.  

 Polycyclic aromatic hydrocarbons (PAHs) are another group of toxic and 
carcinogenic compounds that result from burning fossil fuels and other organic matter 
including wood (PSAMP 2007, Table 4-4). Most PAHs in the marine environment come 
from rivers, streams and stormwater runoff as well as from the atmosphere, from exhaust 
emissions. PAHs are common in sediments, and in areas with creosote debris, and in 
organisms that frequent those habitats.  Urban sediments in the Puget Sound Region 
contain concentrations of PAHs that are known to cause liver disease in fish (PSAMP 
2007, Fig.  4-27 to 4-32).  PAHs in mussel tissue in central Puget Sound were 10-20 
times those at non-urban sites (e.g. Cape Flattery, PSAMP 2007 Fig. 4-26, WDOE data) 
although none of the sites studied were within the MSA (nearest sites were Strait of 
Georgia, Bellingham Bay). There is a general trend of decreasing PAHs in mussel tissue 
since the 1980s, and decreased risk of liver lesions in English sole in highly contaminated 
sites (creosote facility) after sediments were capped (PSAMP 2007, Fig. 4-32 to 4-34).   

 

 Removal of creosote treated wood, debris, and gradual replacement of existing pilings 
is a goal of the PSP because these materials can release creosote into the marine 
environment even when 60 years or more of age (Dinnel 2005, in Broadhurst 2005). 
Whatcom and Skagit counties began a creosote removal program which removed 275 
tons of debris from 112 miles of shoreline during 2002-2005 (PSAMP 2007).  Control of 
stormwater runoff from impervious surfaces is another important way to reduce PAHs 
entering the marine environment. 

Key vectors of anthropogenic toxics in the San Juan Islands include residential and 
commercial wastewater discharge and septic leakage, the direct outdoor application of 
toxic products, and surface water runoff from roofs, roads, and fields.  Some toxics are 
water soluble, dissolving and moving relatively quickly horizontally from land to sea, 
or downward into aquifers.  Most are hydrophobic, however.  They adhere to silt 
particles, and are transported as suspended solids to be deposited eventually in 
freshwater or marine sediments, where they can persist for months to years.  Some are 
stable indefinitely.    

While dissolved toxics are taken up through the membranes of aquatic organisms, 
including the gills of fish, toxics adsorbed to sediment particles enter the food chain 
through detritivores, such as marine worms, and may bioaccumulate in the tissues of 
successive consumers.  Toxic sediments may also be resuspended by aquatic animals’ 
burrowing and foraging activities (bioturbation), or by human activity such as prop 
wash, dredging, or the removal of over-water structures.   
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It is not yet known what proportion of the toxics in our local marine environment is 
attributable to San Juan County residents and businesses, and what proportion is swept 
in through the islands’ waters by tides and currents from other parts of the Puget Sound 
Region—in particular from major cities such as Vancouver, Victoria, and Seattle.  
There is evidence that nutrients, and perhaps contaminants, are carried into the islands’ 
waters from the ocean more than 100 km distant.  Atmospheric deposition has recently 
been identified as the most likely source of some toxic metals and organic compounds, 
such as PCBs, in the Fraser River, as well as Mountain Lake (Orcas Island).  Thus 
while San Juan County’s residents and businesses can play a role in reducing 
contaminants in freshwater as well as marine ecosystems in the islands, protecting and 
restoring our marine environment must also involve the cooperation of neighboring 
U.S. and Canadian communities. 

b. Specific local threats 

At the State level, particular attention has focused on a small number of especially 
persistent and bio-accumulative toxics (PBTs), most of which are already banned in 
the United States, and therefore are chiefly “legacy contaminants” still found in 
industrial sites, solid waste dumps, and sediments: 

Polychlorinated biphenyls (PCBs) used as insulating fluid in electrical transformers 
until its use was banned in the 1970s; 

Polybrominated diphenyl ethers (PBDEs), widely used as flame-retardants but now 
being gradually phased out of production and use;  

Organochlorine agricultural pesticides aldrin, dieldrin, DDT, and toxaphene and 
the organochlorine fungicide hexachlorobenzene, all of which have banned for use in 
the United States; 

Benzo(a)pyrene or BAP, one of the more toxic polycyclic aromatic hydrocarbons 
(PAHs) produced by burning coal, petroleum or wood;  

Dioxins and furans, generated by the production of paper and wood pulp products 
and burning of paper, particleboard and coal; and 

Mercury, mostly generated by the burning of coal and wood, but also released into 
the environment by production and disposal of batteries and fluorescent light bulbs, 
and by the decomposition of woody material in some artificial lakes and ponds. 

State sponsored assessments of PBTs have focused on urban areas where sediments 
have proven to be significantly contaminated (Long et al. 2005). Comparatively little is 
known about sediments in the San Juan Islands.  It seems likely that products of fossil-
fuel consumption and smokestack industry throughout the Puget Sound Region have 
reached the islands via airborne and waterborne deposition, in unknown 
concentrations.  Relatively few priority PBTs appear to be generated within the islands, 
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however.  PCB-filled transformers were long used by the local power utility, 
OPALCO, while creosote and other wood preservatives traditionally used in over-
water structures can contain dioxins, furans and PAHs, as can the road-paving tars that 
are still widely used here by the county government, as well as private landowners 
(Barsh et al. 2007). 

A single recent State study (Seiders et al. 2007) found measurable PCBs, PBDEs, 
organochlorine pesticides, and mercury in a small sample of rainbow trout in Mountain 
Lake (Moran State Park). Rainbow trout are planted annually in the park, however, and 
the length of time the sampled fish had been resident in Mountain Lake was unknown.  
Nonetheless, the data suggest that atmospheric deposition is significant, since the basin 
occupied by Mountain Lake is undeveloped except for foot trails and a dirt road.  
Young et al. (1993) also found PAHs and PCBs in mussels from the Puget Sound 
Region. 

At the same time, the specific industrial and agricultural history, as well as 
contemporary demography of San Juan County, suggests a number of local toxic issues 
not prioritized by the State.  While organochlorine pesticides were heavily used in 
some parts of this State to control rootworms and protect stored seeds, San Juan 
County agriculture was long dominated by fruit orchards, which routinely used lead 
arsenate to control pests.  A preliminary survey of San Juan County streams found 
quantifiable arsenic in several watersheds, but was unable to make a connection with 
agriculture, and inferred that the source is geological (Barsh et al. 2008). 

Cadmium, an extremely toxic and bio-accumulative metal, has been found in 
elevated concentrations in shellfish in many parts of the Puget Sound Region, 
including the islands, and in some San Juan County sediments (Kruzynski 2004, 
Takesue et al. 2006).  Once again, the source may be geological but this remains to be 
investigated adequately.  Motor vehicle brake pads are a source of cadmium, and road 
dust could be a vector to aquatic ecosystems. 

San Juan County has an exceptionally high proportion of shoreline and, as a result, 
a large per capita number of boats.  Anti-fouling treatments such as copper and zinc are 
not on the State priority list, but should be assessed here in the islands, especially in 
low circulation bays where many marinas and private docks are concentrated. 

Above all, San Juan County today is residential, with a rapidly growing population 
along the shoreline.  Most household-use pesticides, herbicides, and cleaners are highly 
toxic to aquatic organisms, and many of them can persist long enough in soil and water 
to make the short journey from island lawns, gardens, and homes to marine waters.  An 
ongoing assessment supported by the Washington Department of Ecology has already 
found pesticide residues and surfactants in San Juan County lakes, ponds and streams 
(R. Barsh personal communication).  We can do much more to manage this class of 
toxics because informed local residents can choose to use less, or to use the least toxic 
products from among those available.   
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Many San Juan County residents are also concerned about the routine disposal of 
pharmaceuticals, as well as pharmaceutical residues and breakdown products in waste 
water and septic seepage.  A growing number of such compounds have been shown to 
have physiological effects on aquatic organisms, such as altering sexual development 
or reproduction (endocrine disrupters).  Their concentrations in San Juan County 
waters are not yet known. 

c. Baseline data and monitoring��

 Baseline assessment and monitoring of contaminants in water and sediments has 
at least three important applications: (1) evaluating how well we are doing at reducing 
the islands’ toxic inputs to marine environments; (2) determining the extent to which 
marine water quality in the islands depends upon the management of urban waste from 
outside San Juan County, for which State, municipal, and international cooperation is 
required; and (3) providing a basis for evaluating the impacts of any future tanker spill 
or similar disaster.  It is also an opportunity to engage citizens in useful research and to 
foster a core group of more informed consumers and businesses. 
XXXSee also: (Waldichuk, 1983, EPA 1991, Newton et al. 2002, Ruef et al. 2004). 
 
 A major challenge for chemical monitoring is the expense of reliably identifying 
and measuring specific compounds.  Thousands of toxic compounds are used around the 
Puget Sound Region, and everyday products such as shampoo, hand soaps, and garden 
sprays can contain a bewildering variety of related toxic chemical species. More than 20 
different chemical species of pyrethroids alone are found in pesticides currently sold in 
San Juan County, for instance. Since it is not technically feasible to measure 
individually all local chemical inputs to the marine environment, much less the inputs 
from Puget Sound Region cities, a panel of representative toxic compounds should be 
selected on the basis of current and anticipated conditions.  Phenanthrene can be used as 
an indicator for total PAHs, for example, or linear alkyl sulfonates (LAS) for all 
surfactants, if creosote and soaps have been identified as monitoring targets. Initially, 
more research is needed to identify the contaminants that currently threaten aquatic 
ecosystems in San Juan County, either because they are already present at or near the 
level of biological effects, or because they represent specific threats from anticipated 
future growth in population, boating, and shipping. 
 

A related issue is the desired level of precision in measuring these contaminants.  
Federal and State agencies have mainly been concerned whether particular compounds 
exceed legal standards for maximum concentrations in water—generally drinking water.  
As our knowledge of the physiology of particular toxics increases and the sensitivity of 
our instruments improves, legally permitted maximum concentrations are typically 
lowered in newer regulations.  For monitoring purposes, it is important to make precise 
measurements so that trends can be detected as early as possible, even if concentrations 
are well below current legislated safety thresholds.  For example, maximum allowable 
arsenic in drinking water is currently 10 ppb (� g/L), but the EPA has been advocating 
an upper limit of 5 ppb and a goal of no measurable arsenic (currently approximately < 
0.1 ppb).   
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 Sampling design is also an important consideration.  For early warning, it may be 
best to focus on “hot spots”, such as low-circulation bodies of water, where toxic inputs 
are most likely to accumulate fastest and attain measurable concentrations soonest.  At 
the same time, a monitoring design should include relatively uncontaminated, high-
circulation sites that represent the best available water quality conditions as standards for 
comparison.  Additional sites may be included because of their ecological significance 
(e.g. salmon and herring nurseries) in providing observation of direct links between water 
quality and wildlife.   
 

Bulk toxicity assays can also play a useful role in early warning design. Toxicity 
is the measurable effect of water samples, including all dissolved solids, on a standard 
test organism such as Vibrio fischeri or Daphnia magna. If the sample has a consistent 
adverse effect on the test organism across a range of dilutions, it is clear that some toxic 
substance, or substances, is present, even if the sample does not contain the specific 
toxic compounds that are already being monitored. Such a result warrants an 
investigation to identify the “new” chemical threat and its source. 

 
Friday Harbor Laboratories’ K-12 Program has been collecting data on dissolved 

oxygen, pH, turbidity, and fecal coliform bacteria in selected San Juan County streams 
since 2002. Most of these streams have been included in the baseline studies of toxic 
metals, pesticides, herbicides, and surfactants conducted by Barsh and his colleagues at 
Kwiáht in 2007-2008 In collaboration with the San Juan Nature Institute, Kwiáht has 
begun training local volunteers on four islands to conduct routine freshwater quality 
monitoring that includes nitrates, phenols (petroleum derivatives), surfactants, and some 
metals.  San Juan County Planning & Community Development and Kwiáht have begun 
collecting baseline toxicity data from many of the same watersheds, with a view to long-
term systematic toxicity monitoring by county staff.  Contaminants in marine waters and 
sediments, as well as bio-indicator species, need to be included in these emerging efforts 
as the basis for a systematic multi-party monitoring plan with permanent sampling sites 
and a carefully constructed list of chemical targets that reflects actual conditions in San 
Juan County. FHL also collected detailed data on chemical contaminants in Beaverton 
Creek during 2007 (analysis by XXX labs).  

 
 Funding is a significant constraint to be addressed.  County staff, citizen scientists, 
and local students can be trained and supervised by organizations already engaged in the 
study of contaminants in San Juan County waters, but the cost of analytical instruments 
and laboratory supplies is not trivial. High technical standards must be maintained for 
public and political credibility, as well as the creation of useful baseline data sets. 

 

d. Sediment Quality 

Sediments are particulates that can be transported by fluid flow and that settle on 
the bottom of the marine environment.  Non-water-soluble contaminants frequently bind 
to floating clay or silt then deposit in the sediment layer.  The sediment layer can 
therefore document ongoing or past dumping of chemicals into the ecosystem. Numerous 
plants and animals inhabit, feed from, and grow on the sediment layer of the marine floor.  
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Deposition of toxins within the sediments can result in consumption and bioaccumulation 
within wildlife, and re-suspension within the water column after disturbance (Gardiner 
and Hardy 1992, Ferraro and Cole 2002). 

XXXExisting Monitoring? 

Proposed Monitoring.  Monitoring the concentrations of petroleum derived 
hydrocarbons in sediments can serve as a baseline for these contaminants in the event of 
chronic oil pollution or major oil spills that impact intertidal and shallow subtidal 
habitats. While spilled oil coats rock surfaces, and can often be removed, it also 
penetrates soft sediments and continues to do damage for many decades.  

Although it is less challenging technically to sample and test water, toxics 
accumulate (and can be more persistent) in fine sediments and aquatic animals.  Sampling 
sediments and animals helps captures short-term events (toxic “spikes”) and compensates 
for low or highly variable contaminant concentrations over time.  Reliability is increased, 
and sampling frequency can be decreased.  Direct causal connection between water-borne 
contaminants and the food chain can be demonstrated.  A sufficiently locally widespread 
animal model must be selected, preferably one with known accumulation rates for major 
groups of toxic compounds such as that for the common blue mussel, Mytilus edulis.  
Barsh, Bell and Harper are currently surveying and screening candidate aquatic species. 
 

 
5.4 Fresh water inputs to the nearshore zone   
 
 Regionally, fresh water input from streams has been decreasing during summer and 
fall months (May-October) in Puget Sound, and increasing in March and April (PSAT 
2007) over the past half century. Snowmelt is earlier, snowpack is lower, and total stream 
flow was also reduced by 13 percent over that time period.  These changes are consistent 
with the observed rate of atmospheric warming and are predicted to continue. Within the 
MSA, reduced stream flows throughout the Puget Sound Region will affect surface 
salinities, and sediment transport from the Fraser River to our north.  
 
 Locally, fresh water inputs come from small streams, land runoff, and sewage 
treatment outfalls (Armstrong et al. 1980). These local sources of pollutants should be 
monitored regularly, especially near the more urban areas of the MSA. There is an 
existing program of stream water quality monitoring, in collaboration with the San Juan 
county schools and the San Juan Nature Institute. The SJC  XXX……. is responsible for 
monitoring sewage treatment plant outfalls, and will be developing a monitoring program 
for stormwater outfalls as part of the Critical Areas Ordinance requirements under the 
Washington State Growth Management Act (BAS 2007). 

 
5.5  Desalinization plant outflows  

RO (reverse osmosis) desalination (desal) plants are the type presently in use and 
being proposed in San Juan County and most parts of the world.  The literature is useful 
but is an incomplete guide to probable impacts of desal plants, because studies are with 
organisms and habitats other than those in San Juan County and concern desal plants with 
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greater capacity and effluent volume.  Procedures and equipment in RO desalination 
varies and those differences may produce different impacts. Impacts are expected to be 
less where brine is rapidly dispersed by currents or waves (Höpner and Windelberg 1996; 
Höpner 1999). None of the sites in San Juan County have constant mixing by waves, as 
occurs on open coasts. Wind is variable and some sites have fast tidal currents but these 
vary with the tides.  

Potential sources of impacts that have been noted (Einav et al. 2002, Tularum & 
Ilahee 2007) include: discharge of brine to receiving waters, chemicals used in pre- and 
post-treatment of water (sodium hypochlorite or chlorine that prevents growth of 
organisms, ferric or aluminum chloride for flocculation and removal of suspended matter, 
sulfuric or hydrochloric acid for pH adjustment, sodium bisulfate to neutralize remaining 
chlorine, scale inhibitors), chemicals used in cleaning membranes (enzymes to remove 
bacterial slimes, detergents, biocides to kill bacteria, chelators such as EDTA to remove 
scale, acids to dissolve inorganics, caustics to dissolve organic material and silica), 
impingement of larger animals on screens at the intake pipe, noise from pumps, 
entrainment of animals at the intake pipe, energy required for pumps, leaking of brine 
from pipes into groundwater, and installation of the desal plant.  

 

Proposed Monitoring should include information on characteristics of the desal 
plants, including the volume of brine discharged per time, salinity of the brine produced 
(in part dependent on mixture of seawater with brine before discharge), type and position 
of diffuser at the outfall, chemicals used in operation that enter discharged water, 
chemicals from cleaning membranes that enter the effluent (maybe the only practical 
means where there is no better place to discharge salty water). The chemicals (other than 
high salinity) that are said to be the major pollutants from RO plants are chlorine and 
copper.  

Monitoring salinity indicates extent of elevated salinities in the receiving habitat.  
Dye releases may aid in indicating flow of discharged effluent. Measurement of current 
velocities, especially at minimal flow from wind and tide, may also be useful. In an 
extreme situation, in which brine sinks to the bottom and forms a stable layer that retards 
mixing, bottom water and sediments would become hypoxic or anoxic (as occurs 
naturally in some basins, such as Saanich Inlet).  Where such accumulation is suspected, 
monitoring of oxygen will indicate impacts, as would monitoring of sulfide in sediments.  
Sediment cores will show the level at which black anoxic sediment occurs. Impingement 
could be monitored at the intake.  

Entrainment can be estimated from volume pumped and concentrations of larvae 
or other animals likely to be entrained, and the same may be true for impingement. 
Where volumes pumped are low, the losses from entrainment and impingement will also 
be low. Monitoring effects on benthic plants and animals should, if possible, include 
estimating abundances of most species at sites near the effluent discharge and control 
(reference) sites both before the desal plant is in operation and for several years during 
operation.  

A potential impact that should be examined in San Juan County is possible effects 
of effluent on movements of fish, even in tidal channels.  In a study by Raventos et al. 
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(2006), some fish, instead of avoiding the discharge site, aggregated near the discharge 
pipe, as can happen at artificial reefs. In a laboratory study with artificial seawater, Iso et 
al. (1994) observed that juvenile sea bream spent less time in water at high salinities. 
Would juvenile salmon or other fish moving along shore avoid brine effluents of the 
lower salinities likely to be in discharged in San Juan County?  

In addition to field monitoring, samples of effluent water, with different degrees 
of mixing, can be tested in the laboratory for effects on development and behavior.  In 
laboratory experiments, sublethal effects that are likely to decrease survival in the field 
are of greater relevance than directly lethal effects, because sublethal effects can occur 
with less concentrated brine.  One difficulty in detecting impacts of desal plants in San 
Juan County is that the plants are small but will likely be numerous. Thus, impacts may 
be cumulative but not large at any one site; monitoring at any one plant should be capable 
of detecting small effects. It may not be feasible or efficient to sample large numbers of 
small installations, but instead to monitor the larger ones and a few of the smaller. 

 

 

 

5.6. Oil Spills (Threat No. 1., High & Threat No. 144, Medium) 
 
a. Monitoring chronic oil contamination.  
 
Chronic oil contamination occurs continuously, originating from street runoff, marinas, 
illegal dumping, and private property.  Some monitoring occurs via analysis of runoff and 
sampling within harbors, but there is no monitoring of individual events unless they are 
severe. Limited data are available for the SJC MSA (WDOE; Coots 1999, Serdar et al. 
2001). 

 
b. Monitoring large oil spills once they occur 
 
 Large oils spills are a real threat along much of the southern and eastern shores of 
the MSA, because these shores border the routes taken by tankers traveling to and from 
the Cherry Pt. oil refinery in Anacortes.  There have been substantial spills in the Puget 
Sound region (Chia 1971, MacLeod et al. 1976ab, Clark et al. 1978, Vanderhorst et al. 
1979, Brown et al. 1981, Getter and Hayes 1981, Carney and Kvitek 1990, Strand et al. 
1990, 1992, Dethier 1991, Reichert 2005, PSAT 2007), though the MSA area has been 
fortunate so far.  The presence of a rescue tugboat in the Strait of Juan de Fuca, now 
funded year-round, is an extremely important protective factor for the MSA.  Once a 
large spill occurs, the cleanup is expensive and it takes many decades for intertidal and 
shallow subtidal communities to recover (e.g. Exxon Valdez spill in Alaska; Paine et al. 
1996, Coats et al. 1999, Skalski et al. 2001, Peterson et al. 2003).  Oil-derived 
hydrocarbons stay in sediments for decades, as well (Anderson et al. 1978, 1983, 
Gundlach et al. 1983, Clifton et al. 1984, Collier 1994). 
 
Proposed Monitoring and Response. Some response and monitoring items suggested 
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include (B. Cowan, IOSA,  pers. comm.), communication with the public and other 
organizations if a spill occurs, sediment analysis for PAHs (establish a baseline presence 
of oil, archive samples) in various locations updated periodically to document impacts 
and guide potential clean up and restoration funding, develop a  dispersant policy 
(dispersants are a last ditch effort to control a spill--they cause the oil to sink and disperse 
through the water column and are themselves toxic), and train a couple of MRC members 
with strong science and local knowledge in oil spill response so they can work with the 
state and federal  teams. There is also a need to identify “sacrifice” bays or shorelines 
where oil could be directed to protect more critical habitat.  
 
 Dispersants are not recommended for shallow and enclosed areas and can increase 
damage from spills in some conditions. Booms are recommended to exclude or divert oil 
at many of the smaller bays. Shores with sediments and low waves, slow currents have 
priority for protection. There is some consideration of wind directions, but wind can 
come from a wide variety of directions in the San Juan Islands.  Oil would move with the 
wind to a great extent in many areas and the usual wind directions would be a poor guide 
at many times. The MRC was surprised there was no planned boom at some sites, such as 
the bay at the inner end of Eastsound (Ship Bay), but maybe someone predicted that oil 
won't get that far into East Sound. There are big vulnerable stretches of shoreline that 
apparently cannot be protected. Examples would be Griffin Bay (with known intertidal 
spawning sites), the long beaches on Waldron, Is. etc.  The shores around the many bird 
nesting small islands (most of the National Wildlife Sanctuary islets) apparently cannot 
be protected. 
 
 
5.7 Nutrients and Pathogens  (Threat No. 6, 7  Medium)  
 
 The following contaminants are generally not being monitored regularly within the 
MSA. Information on monitoring programs throughout the Puget Sound Region can be 
found in the PSAMP 2007 Update (PSAT 2007). 
 
a.  Nutrients and Eutrophication 
 
 Nutrient loading occurs when nutrients (e.g. phosphate, nitrate, nitrite, ammonium, 
silicon, iron) enter a particular marine system, then affect the ecological processes 
occurring therein. A certain amount of nutrient input from streams, rivers, and runoff is 
normal and can be absorbed by the system. Nutrients also come from ocean water 
entering the PSR, usually in a deep layer.  Excess nutrient loading can cause increases in 
algal populations, primary production, macroalgae biomass, sedimentation of organic 
carbon, harmful algal blooms and changes in the makeup of the phytoplankton 
community (Bernhard et al. 1993, Bernhard 1995). These effects can have further indirect 
effects producing changes in the benthic biota, reduction in plant biomass, reduced water 
transparency, changes in sediment biogeochemistry, reduced dissolved oxygen, and 
which can result in direct mortality of fish and invertebrates, and in food web structure 
(Ruesink et al. 2003). Eutrophication occurs when nutrient concentrations build up to 
levels where negative changes in water quality , oxygen and biotic composition occur; 
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areas most sensitive to eutrophication are those with high local input of nutrients, low 
flushing rates, strong stratification, and the potential for decreased oxygen concentration 
(PSAMP 2007, Table 5-1 WDOE).  
 
 Existing Monitoring. WDOE monitors nutrients and dissolved oxygen at one site 
within the MSA, Eastsound on Orcas Island, one just north of the MSA, one at the 
southern boundary of the MSA (JEMS station), and at many sites to the east and south of 
the MSA, covering most of the Puget Sound Region. Low dissolved oxygen has been 
detected in Hood Canal and to the east of Whidbey Island (PSAMP 2007, Fig. l5-4) and 
ammonia is generally high at sites in southern and central Puget Sound, and in 
Bellingham Bay and Eastsound, Orcas Island (PSAMP 2007, Fig. 5-5). UW FHL 
researchers monitor nutrients and dissolved oxygen at two stations in San Juan Channel 
during October-December of each year (Pelagic Ecosystems Research Apprenticeship), 
and would like to continue this monitoring throughout the year. 
 XXXAny proposed 
 
b. Pathogens and Biotoxins 
 
 Pathogens in marine waters come from a variety of sources including animal and 
human wastes.  These include disease-causing microorganisms such as viruses, 
protozoans, and bacteria. Risks to humans include respiratory, skin, eye and ear 
infections, norovirus-related gastrointestinal disease, bacterial gastroenteritis (Vibrio), 
paralytic shellfish poisoning (PSP, biotoxin) (Jonas-Davies and Liston 1985), meningitis 
and hepatitis. Biotoxins are produced by algae and accumulate in shellfish and other 
marine biota. PSP comes from Alexandrium catenella phytoplankton, and causes closures 
of shellfish beds in the PSR. Another toxin, domoic acid, has caused closures of razor 
clam beds on the outer coast of Washington, but has not yet entered the PSR (Homer et 
al. 1996, Wekell et al. 2000). This toxin is produced by dinoflagellates (Pseudo-nitschia 
spp.), and is the cause of amnesic shellfish poisoning (ASP).  Biotoxins have also caused 
mortality of sea birds and marine mammals along the west coast (Lowenstine 2004).  
Another group of pathogens affects marine animals directly, especially marine mammals; 
these pathogens include protozoans (Toxoplasma), marine distemper virus, cetacean 
morbillivirus, canine distemper virus and others (Gaydos et al. 2004). Numerous other 
pathogens affect fish (e.g. gill parasites) and limit their population growth.  
 
 Fecal coliform bacteria are used as easy-to-measure indicators of the possible 
presence of other pathogens that come from human or animal wastes. WDOH monitors 
water quality over shellfish beds throughout the PSR.  Within the MSA, there are 10 
stations monitored by WDOH, and only two of those have shown some evidence of fecal 
pollution (PSAMP 2007, Figure 5-7 to 5-11), in the “fair” category. Coastal sites to the 
northeast of the MSA, and directly south, have much higher coliform counts, often in the 
“bad-fair” category and many of those sites show an increasing trend. Beach monitoring, 
for swimmer safety, is also carried out by WDOE (BEACH Program) although none of 
those sites are in or adjacent to the MSA. Coastal beaches from the far northern to the far 
southern limits of Puget Sound show some excedence of bacterial counts and beach 
closures. The total number of closures due to sewage spills has increased from 2003 on, 
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possibly due to better detection and communication rather than more spills alone 
(PSAMP 2007, Figs. 5-13 to 5-14).  
 
For information on state controls: TMDL Process Overview, 303(d) Listings, Point 
Sources and NPDES Permits (see PSAMP 2007, Ch. 8) 
 
 
5.8 Land Use  (Threat No. 3,  High & Threat No. 16, Low) 
 
a.  Changes in land cover, vegetation, impervious surfaces etc. 
The high resolution, infra-red aerial photo set (2004 and 2006) for all of San Juan County 
conducted for the bull kelp surveys provides a baseline data set that can be used for future 
analysis of shoreline or upland land cover. 
XXXSee also: Shull and Bulthius (2001), Wyllie-Echeverria et al. (2004a) 
 
b.  Background- Shoreline Land Use Studies  
While much scientific research has been conducted along our shorelines similar attention 
has not been paid to understanding the effectiveness of regulations or the cumulative 
impacts of incremental development.  
 
Friends of the San Juans Analysis of Shoreline Permit Activity for San Juan County, 
1972-2005. FRIENDS analysis of shoreline permit activity completed the first spatially 
and temporally explicit analysis of permit activity on shoreline parcels in the county.  
Total shoreline permit activity was analyzed for the following project activity types: 
aquaculture, barge, beach access, boat house, boat ramp, bulkhead, clearing and grading, 
dock, guesthouse, logging, marine railway, mooring buoy, setback, shoreline, stormwater 
and transient rental.  Permit activity was also characterized by permit type, including 
substantial development, exemptions and code investigations.  Shoreline building permit 
activity from 1992 to 2005 was also included.  Results provide an objective basis for 
understanding shoreline permit activity trends and conducting an initial analysis of 
shoreline policy effectiveness.  It is important to remember that the analysis is based on 
the county’s permit database, and is not necessarily an accurate reflection of on-the-
ground conditions, but of trends in permit activity but it does provide a basis for 
developing a cumulative impact analysis.  
 
San Juan Initiative Case Studies.  Through its case study approach, the San Juan Initiative 
recently (early spring 2008) documented shoreline modifications including armoring, 
docks, and marine riparian vegetation conditions for 4 case study areas within San Juan 
County through aerial photo interpretation and field-based inventory.   Change in 
vegetation within the 200 ft. shoreline jurisdiction was also assessed using historic (need 
to check which set ‘76?) and recent aerial photographs.  This approach could be 
expanded to other areas to monitor changes in shoreline vegetation in the shoreline. 
See also: (Bookheim et al. 2002) 
 
 XXXAny existing? 
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Proposed Monitoring. Shoreline vegetation. An understanding of change over 
time in shoreline vegetation type, cover and overhanging vegetation would inform 
understanding of policy effectiveness and also provide critical information for a 
cumulative impact assessment of land use and nearshore habitat.  This type of monitoring 
can be conducted using existing vertical (FSJ, SJC) and oblique (WA Ecology) aerial 
photo data sets for different time periods.   
 

To improve understanding of the impacts of shoreline modifications, a 
comprehensive field inventory of modifications is needed to provide a baseline data set.  
This may exist for overwater structures (recent DNR mapping effort) but is not yet 
available locally and has not been completed for other structures such as bulkheads, 
beach access, boat ramps etc.  Spatially explicit data is available for permitted structures 
with a record in the SJC permit database, but this data set is not an accurate reflection of 
on-the-ground conditions. 
 

The SJC permit database should be updated to include a searchable field for 
project activity type (e.g. dock, barge landing etc.).  Currently, the database is only 
searchable by parcel number or landowner name, which does not support understanding 
of land use patterns. 
 
 
c.  Shoreline hardening, armoring    
 
 Shoreline hardening or armoring occurs when natural erosion threatens buildings, 
roads or other structures close to the shore.  While such measures may halt erosion 
temporarily, they also change the flow of sediment to and along the shore, and modify 
habitat quality for a number of species (Airoldi et al. 2005).  Because such structures 
need permits, it is theoretically possible to keep track of changes over time for each 
shoreline segment.  However, recent surveys have shown that this is not the case, either 
because permits were not utilized or because changes were made at undetermined times 
in the past (San Juan Initiative 2008).  Future monitoring may be more tractable as the 
county finds ways to better track permits, and discover modifications made without 
permits. 
 
d.  Changes in forest cover (logging, land use change)  
 
 Changes in forest cover have been occurring for more than a century, and the San 
Juan Archipelago is no exception. Forests were converted to fields and farmland, some of 
which has gone back to forest or has been developed for more urban or suburban uses. 
With such changes comes increased runoff, especially where impervious surfaces are 
installed. Expected population increase in the county will result in additional conversion 
of land, although there is a strong movement to purchase and conserve undeveloped land.   
Monitoring of changes in land use is conducted by the county. 
 
e.  Changes in riparian vegetation  
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 Riparian vegetation (vegetation along waterways) serves the important ecosystem 
function of removing nutrients from groundwater before they end up in streams, rivers, 
ponds and lakes, and ultimately in the coastal ocean (Brennan et al. 2004). This 
vegetation also provides habitat for birds and other species that prefer ecotonal (edge) 
habitats.  Along coastal beaches, riparian vegetation performs another newly discovered 
function; shading from overhanging trees cools intertidal habitats, which may help 
benthic species survive periods of intense insolation, but which definitely helps fish eggs 
(smelt, Rice 2007) survive and produce young.  Monitoring of riparian vegetation is not 
currently happening, except for trees at building sites. Proposed monitoring would 
include aerial surveys and ground-based verification along selected streams, wetlands, 
and shorelines. 
 
f.  Impervious surfaces (roads, parking lots, driveways)  
 
 Impervious surfaces allow more pollutants to be delivered to streams, rivers, and 
marine waters, because there is no chance for such water to be filtered through soil and 
vegetation (see riparian vegetation above). Instead, oil, fertilizer, pesticides, and many 
other contaminants travel directly from roads to stormwater drainage pipes and channels, 
and directly into the water.  It is very clear that regions with higher percentages of 
impervious surface have more pollution in adjacent waterways, and show major changes 
in stream biota.  At present, San Juan County has a very low percentage of impervious 
surfaces, and negative effects are most likely to be seen in Friday Harbor and a few other 
sites with dense population and more impervious surfaces. Monitoring stormwater runoff 
provides one way to determine if impervious surfaces are allowing substantial pollutants 
to reach the water. Monitoring the area of impervious surface in the county is currently 
done by the state. 
 
 
6. Overwater Structures (Threat No. 3, High) 
 
5.9  Docks, marinas and other structures 
 

Several studies of effects of docks on eelgrass have been conducted by WDFW in 
San Juan County. The data indicate reduction of eelgrass at some docks, not at others, but 
the study in general lacked statistical power (Fresh et al. 2006).  Information provided 
from any future monitoring will enhanced by a BACI (Before-After, Control-Impact) 
sampling design with enough samples for a predetermined desired power.  Shading is the 
most easily documented effect of a single dock (Fresh et al. 2006), but effects may extend 
beyond shading, and effects of shade may affect organisms in addition to eelgrass 
(Cardwell and Koons 1981).  Mitigation has been tried in other localities in the PSR 
(Cheney et al. 1994).  

 
XXXAny existing? 

 
Proposed Monitoring. The practical limits on duration of monitoring could result 

in some impacts of docks being missed. A supplementary form of monitoring for impacts 
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would be a retrospective survey of existing docks, with data on distribution and 
abundance of eelgrass or other selected organisms under and at distances from docks; 
data on the dock age, size, design and orientation; data on water depth; and (so far as 
interviews can indicate) data on boats and boat use.  
 

Cumulative effects of many scattered docks are more difficult to monitor and 
demonstrate than impacts from large concentrations of docks and boats because the 
effects are more gradual and widespread and adequate sites for comparison less likely to 
be available. Litter such as plastic sheets creates anaerobic patches on the bottom. Some 
toxic materials that are associated with use of boats enter the water and can reduce 
survival of marine organisms when in low concentrations.  
 

Treated woods approved for marine construction can release toxic metals. Floats 
can act as floating breakwaters, changing deposition of sediments along the shore. There 
can also be indirect biological effects. Docks contribute shell debris to the sediments 
below and provide a habitat for some crabs and seastars that prey on other organisms in 
the vicinity, thereby extending the area of disturbance. Data are needed to indicate the 
magnitude of these or other effects. 
 
 b.  Mooring buoys, DNR. Coastal Geologic Services recently conducted a detailed 
analysis of dock, pier and float structures for four small case study areas as part of the 
San Juan Initiative (CGS 2008).  This was done using a combination of aerial 
photography and field analysis and could be used as a basis for future, expanded efforts.  
In addition, WDNR has digitized docks in all of Puget Sound (WDNR 2005). Permitted 
docks in SJC have been mapped through the FSJ shoreline permit analysis (FSJ 2008). Of 
an estimated 5000-8000 buoys, only 200-300 were found to be DNR registered. (note: 
those over 2 yrs old not required to register). Most are not the correct design to minimize 
damage to seagrass and other benthos (Betcher and Williams 2005).  
 
 
5.10 Boat traffic, effects on marine mammals, others (Threat No. 0, High) 
 
 Boat traffic around marine mammals is known to affect their behavior, and the 
presence of the Southern Resident Killer Whales (orcas) in the MSA for much of each 
year attracts a great deal of boat traffic. Compared to the Northern Resident population, 
which has been increasing steadily since the 1970s, the Southern Residents have had both 
periods of increase, and of decrease (EPA 2006). Orcas have been killed by encounters 
with boats in the Puget Sound Region, and this may contribute to the unknown mortality 
events within this population. Boat wakes also affect intertidal communities in areas not 
normally exposed to wave action (Nyblade 1979, Guedelhofer and Murdoch 2000). 
 
5.11 Non-indigenous species (NIS): Nuisance species, others  (Threat No. 5, 
Medium) 
 
 Invasive marine species have been documented in the Puget Sound region for 
several decades (Byers 2002, 2005, Secord 2003, 2004ab, Wonham and Carlton 2005), 
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including those discovered during broad-scale surveys by taxonomic experts (Mills et al. 
2000, Cohen et al. 2001, Copping and Mark 2004).  Klinger et al. (2006) noted higher 
abundances of two invasive species in reserves within the MSA.  A number of non-
indigenous ascidians have become common on pilings, docks, and in certain rocky 
subtidal areas (Mills et al. 2000, Cohen et al. 2001). 
 
 The European green crab (Carcinus maenas) is now found on the outer coast (e.g. 
Willapa Bay, Dumbauld and Kauffman 1998, Jamieson et al. 1998, McDonald et al. 
1998, 2001, 2003, 2004, Carr and Dumbauld 2000, Jensen et al. 2000, 2002) but has not 
made it to the San Juan Archipelago yet. It consumes young shellfish, and is a serious 
problem on the east coast of North America. WDFW started a program in 1999 to 
monitor green crabs; currently only volunteers do these surveys (Ann Eissinger pers. 
comm.). Beginning in late 2007, new program funded by WDFW that uses trained 
volunteers to search for 32 invasive species (from plants to macroalgae to invertebrates). 
 
 XXXAny existing? 
 
 Proposed Monitoring. Monitoring to determine the spread of established NIS: 
Several species of NIS already established within SJC are highly likely to persist and 
spread.  Among these are the seaweed Sargassum muticum (Giver 1999), the seagrass 
Zostera japonica, the Varnish clam (Mills 2002) Nutallia obscurata, the mud snail 
Batillaria attrementarium, the Pacific oyster, Crassostrea gigas, and several non-native 
tunicate species. At least some of these are known to have negative impacts on local 
marine communities. The distribution of Sargassum might be estimated from aerial 
photos in a few habitats, but the distribution and spread of other NIS will require field 
sampling. 
 
 Monitoring to detect new invasions: NIS are likely to invade rocky, soft-sediment, 
and engineered habitats.  Systematic monitoring to detect new invasions will be difficult, 
because predictability is low.  Consequently, opportunistic monitoring performed in the 
course of regular monitoring of sites for other purposes might be the most cost-effective 
means of detecting new invasions. Collaborations between volunteer groups, and experts 
at UW FHL who can identify newly invasive species, would be a good use of resources. 
 
 Aquaculture presents threats from disease, eutrophication, and escapes. In this 
region we must consider fish aquaculture, mollusk aquaculture, and potentially others 
(e.g. seaweeds). Aquaculture can introduce non-native species to the local environment 
(Simenstad and Fresh 1995). The target species (or species under culture) can escape 
directly (e.g. oysters, fish, other) or the species can disperse via larvae (e.g. shellfish) or 
through intentional or unintentional human transport.  Associated diseases and parasites 
can be spread from farms by similar means.  Monitoring for escapees, disease, and 
parasites might best be performed opportunistically.  Alternatively, the county could 
require regular monitoring to be performed by the applicant as a requirement of new 
aquaculture permit applications.  
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 Aquaculture of both native and exotic species is well established in the PSR, 
including geoducks (Goodwin 1976, Goodwynn 1977, Beattie 1988, 1992ab, 1998, Pease 
and Cooper 1988, Bradbury 1989, Goodwin and Pease 1989, Beattie and Goodwin 1992, 
Beattie et al. 1995, Bradbury et al. 2000, Heizer 2000, Sizemore 2000, Johnson et al. 
2004), other clams (Goodwin 1972, 1977, 1978, Ellifrit et al. 1973, Goodwin and Shaul 
1978, Bourne 1982, 1998, Chew 1988, Palacios and Armstrong 1989, Harbo and Bourne 
1992, Campbell and Cahalan 1996, Cook 1996, Dumbauld et al. 1996, Sterritt et al. 1996, 
Wood 1996, Bourne and Heritage 1997, Davis 1998, Gillespie et al. 1998, Heath 1998, 
Kronlund et al. 1998, Child and Campbell 2000, Palacios et al. 2000, Caffey et al. 2001, 
Stanley and Gregg 2004, Whitney and Wildermuth 2004,), mussels (Heritage 1981, 
Skidmore and Chew 1985, Skidmore et al. 1985, Ruckelshaus et al. 1993,) and Asian 
oysters (Clark and Chew 1976, Scholz et al. 1985, Davis 1988, Dumbauld et al. 1997, 
2000a, 2001ab, Cheney et al. 1998, 2001ab, Heath and Bourne 1998, Ruesink 1998, 
2007, Dumbauld 2002, Friedman et al. 2003, Hosack et al. 2004, Trimble et al. 2005). 
 
5.12  Threats from fishing/harvesting, historical fishing, derelict fishing gear, and 
predation by marine mammals  
 
(Threat No. 10 Medium, Threat No. 12 Medium, Threat #13 Medium, Threat #9 
Medium) 
 
 Clearly, the declines in salmon within the MSA are the result of a number of 
impacts over a broad geographic scale, including historical fishing, dammed rivers, 
changed land use, toxic chemicals, and other factors.  Rockfish in the MSA have been 
impacted mostly by historical fishing, and have been very slow to recover (PSAT 2007) 
because of slow growth and recruitment, and great longevity.  Derelict fishing gear is 
more common in the MSA than in the rest of the Puget Sound Region and continues to 
claim many victims, although it is being removed fairly rapidly.  Predation by marine 
mammals is a significant mortality factor for salmonids (e.g. orcas) and groundfish (e.g. 
harbor seals) and probably for many benthic invertebrate species as well, and is an 
expected component of a healthy ecosystem.  Lack of predation on sea urchins, because 
their mammal predators are currently missing (sea otters, Carter and VanBlaricom 2002, 
Carter et al. 2007) is also affecting their population densities, although historic harvesting 
has kept their numbers low for several decades within the MSA.  
 
 
 
Section 6.  Summary of Monitoring Plan 
 
Specific Recommendations of the MRC for Implementation of the Monitoring 
Programs: 
 
1. Certain species will be monitored by federal or state agencies, and the county (MSA) 
will rely on those data sources to determine the health and viability of those populations: 
these include orcas (killer whales), abalone, adult salmon, forage fish in offshore habitats, 
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floating kelp beds, marine and coastal birds, groundfish in Marine Preserves and certain 
non-preserve areas.  
 
2. Certain threats will be monitored by federal or state agencies, and the county (MSA) 
will rely on those data sources to determine levels of threat within the MSA. These 
include: xxxxTBA 
 
3. Certain species being monitored by state agencies must also be monitored locally to 
derive sufficient spatial and temporal information for determinations of population health 
and viability.  These include: groundfish in voluntary no-take (and comparison) areas 
established by the county (MRC), eelgrass in embayments and  near/under over-water 
structures within the MSA, forage fish in nearshore habitats, juvenile salmon in nearshore 
habitats, salmonids in streams, and marine mammals in local habitats (including 
interactions with humans). 
 
4. Certain conditions and threats being monitored by state agencies must also be 
monitored locally to derive sufficient spatial and temporal information for determinations 
of environmental change and level of threats. These include: water column physical, 
chemical and biological characteristics being monitored nearby (JEMS), but not at any, or 
enough, sites within the MSA.  
 
5. Certain species and biological communities are not being monitored by federal or 
state agencies and must be monitored locally if we are to have any idea of their current 
status and detect changes over time. These include: rocky intertidal and subtidal 
communities and their component species (e.g. sea urchins, sea cucumbers, kelp), and 
soft sediment intertidal and subtidal communities and their component species (e.g. 
clams, worms, sand lance).  This includes presence of nonindigenous (invasive, exotic) 
species, overall biodiversity, changes in trophic structure (food webs), and response to 
environmental change (e.g. warming, acidification). 
 
6. Certain physical and chemical conditions are not being monitored by federal or state 
agencies and must be monitored locally if we are to have any idea of their current status 
and detect changes over time and level of threat. These include specific toxic chemicals 
and nutrients in coastal water, streams, and stormwater and wastewater outflow areas, 
discharges from desalinization plants, contaminants present in intertidal and subtidal 
sediments (baseline for oil spills), physical modification of shorelines, increased sediment 
loading from construction. 
 
7. Sociocultural targets must be monitored locally to determine how MSA protection is 
affecting local stakeholders. These include: enjoyment of the marine environment, 
support for marine-based livelihoods and maintenance of cultural traditions including 
ceremonial, subsistence, and spiritual uses and aspects.  
 

Xxxx MRC will add others 
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Section 7.    Monitoring, Implementation, and Adaptive Management 
 
7.1 Overview.  One of the main goals of any monitoring plan is to determine whether 
actions taken to mitigate some aspect of environmental degradation are having the 
desired effect.  The MSA monitoring plan is designed to do this as well. Specifically, the 
MSA Plan (2007) sets out a list of benchmarks, which are goals for the MSA, along with 
strategies to achieve those goals, and targets for study and for management.  The 
monitoring program addresses these targets, and in some cases adds or targets that were 
not covered in the MSA Plan or broadens the definition of such targets.  
 
 Another goal of a monitoring program is to determine if biotic communities are 
changing with time, whether or not they are responding to the particular management 
strategies implemented.  In some cases, global climate change may have such a strong 
effect on a particular species that mitigation strategies are unlikely to function as desired. 
Once we have that information, those strategies can be changed or discarded.  
Furthermore, we may find that other species (non-target) are showing greater change than 
expected, either negatively or positively. For example, a new species may show up in the 
area and begin to replace species already here. Although this new species was not a 
target, it clearly must become one in an adaptive management plan.  
 
7.2. Draft Strategies  (from MSA Plan 2007).  Following the development of 
benchmarks, the Marine Resources Committee identified a comprehensive list of 
strategies.  Strategies are management actions that will directly address the top priority 
threats in order to achieve the benchmarks.  The MRC developed the draft strategies list 
working from proposals put forward by stakeholders and managers at the Threat 
Assessment Workshop and Second Managers Work Session.  In addition, the Core Team 
developed a situation analysis for each target. These are diagrams that draw out the 
connections between the target, the stresses to that target and the human activities that are 
causing the stress, providing a useful tool for identifying the most effective strategies.  
 

For an example of a situation analysis diagram, please see Appendix F (MSA Plan  
2007).  Draft strategies are presented by Target under the benchmark they are aiming to 
achieve. “B” is for biodiversity benchmarks; “T” is for threat-based benchmarks; “SC” is 
for Socio Cultural benchmarks. Many of the benchmarks are listed multiple times 
because they apply to more than one target. Please refer to the strategies matrix (MSA 
Plan 2007, Appendix G) to better understand the relationships between the targets, 
benchmarks, strategies and threats. Criteria for the strategies are that they are : 1. MRC’s 
job: within our mission, authority, and ability; and are not being done by another group., 
2. Smart: most effective/ greatest impact, 3. Start-ups: can occur within five years. 
 
7.3  Benchmarks and strategies presented by target.  For a matrix of benchmarks, 
strategies and associated threats, see MSA Plan, Appendix E. 
 
Conservation Target: Nearshore sand, mud and gravel communities. 
 
Benchmark B-4. The regional coverage of eelgrass (Zostera marina) remains stable on 
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beaches and increases by 10 percent in embayments over a 5-year period by 2013. 
Strategies:  1. Recommend improved and coordinated policies for building, anchoring, 
docks, enforcement, and mitigation. 2. Improve water quality relative to eelgrass needs 
(see T-7, strategy 1)  3. Education & outreach on the importance of eelgrass and best 
marine use/shoreline development practices 
 
Benchmark T-3. Ensure that there are enough salmon of the right sizes and species 
available within the MSA at the right times of year to support restored marine mammal 
populations. Strategies: 1. Implement local salmon recovery plan, 2. Connect with 
regional efforts 
 
Benchmark T-4. Reduce the number of miles of armored shoreline by ___% (or ___ 
miles) by 2016. Strategies: 1. Minimize new armored shoreline 
2. Remove shoreline armoring where appropriate (soft shore blueprint) 
3. Education & outreach on the benefits of “softshore” 
 
Benchmark T-5 Reduce chronic and catastrophic oil pollution 
Strategies  1. Minimize chronic pollution from land and marine sources (includes 
medium spills and chronic events like bilge pumping.) 
2. Support efforts to reduce risk and improve response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle. Strategy: 1. Promote concept of the county doing 
its part to reduce greenhouse gas emissions (think globally, act locally) 
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issues (stormwater, wastewater, 
etc) within watershed management plans and programs 
 
 
Conservation Target: Rocky intertidal and rocky subtidal communities 
 
Benchmark T-2  improved objective for maintaining healthy kelp habitat and 
community dynamics.  Strategy - Still need to develop strategies. Research is a priority. 
 
Benchmark T-5. Reduce chronic and catastrophic oil pollution. Strategies: 
1. Minimize chronic pollution from land and marine sources (includes medium spills and 
chronic events like bilge pumping.) 2. Support efforts to reduce risk and improve 
response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle. Strategy: Promote concept of the county doing its 
part to reduce greenhouse gas emissions (think globally, act locally) 
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Conservation Target: Rockfish, lingcod and greenling 
 
Benchmarks B-1. Increase lingcod populations to greater than 25% of unfished 
spawning biomass by 2027 and increase rockfish populations to greater than 25% of 
unfished spawning biomass by 2037. Maintain kelp greenling populations at 2006 levels. 
T-1. Impacts of harvest activities within the MSA on the rate of rockfish species recovery 
are within 10% of the time it will take to recover rockfish populations under zero harvest-
related mortality by 2037. Strategies: 1. Reduce bycatch of select species. 
2. Suspend direct harvest of select species until recovery goals are met. 
3. Promote public awareness of the status of and threats to rockfish, lingcod, and 
greenling 
 
Benchmark T-5 Reduce chronic and catastrophic oil pollution. Strategies: 
1. Minimize chronic pollution from land and marine sources (includes medium spills and 
chronic events like bilge pumping.) 2. Support efforts to reduce risk and improve 
response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle. Strategy: 1. Promote concept of the county doing 
its part to reduce greenhouse gas emissions (think globally, act locally) 
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issues (stormwater, wastewater, 
etc) within watershed management plans and programs 
 
 
Conservation Target: Marine Mammals 
 
Benchmark B-2 Increase the resident killer whale population size to greater than 103 
animals by 2020. Strategies: 1. Increase salmon (see T-3), 2. Reduce disturbance 
3. Support efforts to reduce bioaccumulative toxins 
 
Benchmark B-3. Restore herring spawning to all historic areas. Strategies: 
1. Protect and restore spawning habitat 
2. Support regional herring recovery efforts 
 
Benchmark T-3. Ensure that there are enough salmon of the right sizes and species 
available within the MSA at the right times of year to support restored marine mammal 
populations. Strategies: 1. Implement local salmon recovery plan 
2. Connect with regional efforts 
 
Benchmark T-4. Reduce the number of miles of armored shoreline by ___% (or ___ 
miles) by 2016. Strategies: 1. Minimize new armored shoreline 
2. Remove shoreline armoring where appropriate (soft shore blueprint) 
3. Education & outreach on the benefits of “softshore” 
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Benchmark T-5 Reduce chronic and catastrophic oil pollution. Strategies: 
1. Minimize chronic pollution from land and marine sources (includes medium spills and 
chronic events like bilge pumping.) 2. Support efforts to reduce risk and improve 
response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle. Strategy: 1. Promote concept of the county doing 
its part to reduce greenhouse gas emissions (think 
globally, act locally) 
 
 
Conservation Target: Pacific Salmon 
 
Benchmark B-3. Restore herring spawning to all historic areas. Strategies: 
1. Protect and restore spawning habitat 
2. Support regional herring recovery efforts 
 
Benchmark B-4. The regional coverage of eelgrass (Zostera marina) remains stable on 
beaches and increases by 10 percent in embayments over a 5-year period by 2013. 
Strategies: 1. Recommend improved and coordinated policies for building, anchoring, 
docks,enforcement, and mitigation. 
2. Improve water quality relative to eelgrass needs (see T-7, strategy 1) 
3. Education & outreach on the importance of eelgrass and best marine use/shoreline 
development practices 
 
Benchmark T-3. Ensure that there are enough salmon of the right sizes and species 
available within the MSA at  the right times of year to support restored marine mammal 
populations. Strategies: 1. Implement local salmon recovery plan 
2. Connect with regional efforts 
 
Benchmark T-4. Reduce the number of miles of armored shoreline by ___% (or ___ 
miles) by 2016. Strategies: 1. Minimize new armored shoreline 
2. Remove shoreline armoring where appropriate (soft shore blueprint) 
3. Education & outreach on the benefits of “softshore” 
 
Benchmark T-5 Reduce chronic and catastrophic oil pollution.  Strategies: 
1. Minimize chronic pollution from land and marine sources (includes medium spills and 
chronic events like bilge pumping.) 
2. Support efforts to reduce risk and improve response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle.  Strategy: Promote concept of the county doing its 
part to reduce greenhouse gas emissions (think globally, act locally) 
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
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percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issues (stormwater, wastewater, 
etc) within watershed management plans and programs 
 
 
Conservation Target: Seabirds 
 
BenchmarkB-3. Restore herring spawning to all historic areas. 
Strategies: 1. Protect and restore spawning habitat 
2. Support regional herring recovery efforts 
 
Benchmark B-5.  a) The number of nesting pairs of black oystercatchers remains stable 
at the 2006 level or increases over a four year timeframe by 2017. 
b) The number of nesting pairs of pelagic cormorants is stable at the 2006 level or 
increasing over a four year time frame by 2022. Eagles are a threat with no strategy. Not 
within our goals to address this threat. Solution is to increase population levels to 
withstand increased predation. Strategies: 1. Reduce disturbance, 2. Reduce impacts of 
derelict fishing gear, 3. Reduce oil spill risk (see T-5), 4. Increase prey base (see B-3) 
 
Benchmark T-5  Reduce chronic and catastrophic oil pollution 
Strategies: 1. Minimize chronic pollution from land and marine sources (includes 
medium spills and chronic events like bilge pumping.) 
2. Support efforts to reduce risk and improve response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle. Strategy: 
1. Promote concept of the county doing its part to reduce greenhouse gas emissions (think 
globally, act locally) 
 
Socio-cultural target: Enjoyment of the marine environment 
 
Benchmark SC-1. There are viable recreational, commercial, ceremonial and sustenance 
fishing opportunities year-round for county residents, tribes with usual and accustomed 
fishing rights and visitors by 2037. Strategies: 
1. Ensure that species restoration/recovery is to a level that allows sustainable fishing. 
(need 
to clarify or quantify “sustainable”) 
2. Ensure fisheries management supports a local fishing economy. 
 
Benchmark SC-4. Locally-harvested marine species pose insignificant risks to human 
health, given local rates of consumption, by 2017. Strategies: 
1. Promote water quality protection through best management practices. 
2. Determine scope and nature of the water quality problem and develop implementation 
plan. 
 
Benchmark SC-5. In San Juan County, the majority (greater than 50% percent) of 
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people are aware, involved, and feel ownership of the MSA. Strategies: 
1. Communicate a clear, inspiring stewardship message to the public. 
2. Foster projects that engage the public (seasonal and year-round residents) in marine 
stewardship, 3. Identify and engage key partners as active marine stewards.  
 
Benchmark SC-6 non consumptive enjoyment benchmark, such as: a scenic, functional 
and natural marine environment is available for human enjoyment. Strategies: 
1. Recommend that county plan for sea level rise and other climate change implications. 
2. Recommend that county policies & regulations are directed at achieving this 
benchmark. 
3. Help marine managers address the pressures on marine resources associated with 
increased population and demand. 
 
Benchmarks B-1. Increase lingcod populations to greater than 25% of unfished 
spawning biomass by 2027 and increase rockfish populations to greater than 25% of 
unfished spawning biomass by 2037. Maintain kelp greenling populations at 2006 levels. 
T-1. Impacts of harvest activities within the MSA on the rate of rockfish species recovery 
are within 10% of the time it will take to recover rockfish populations under zero harvest-
related mortality by 2037. Strategies: 1. Reduce bycatch of select species. 
2. Suspend direct harvest of select species until recovery goals are met. 
3. Promote public awareness of the status of and threats to rockfish, lingcod, and 
greenling. 
 
Benchmark B-3. Restore herring spawning to all historic areas. Strategies: 
1. Protect and restore spawning habitat, 2. Support regional herring recovery efforts 
 
Benchmark T-3. Ensure that there are enough salmon of the right sizes and species 
available within the MSA at the right times of year to support restored marine mammal 
populations. 
Strategies: 1. Implement local salmon recovery plan, 2. Connect with regional efforts 
 
Benchmark T-4. Reduce the number of miles of armored shoreline by ___% (or ___ 
miles) by 2016. Strategies: 1. Minimize new armored shoreline 
2. Remove shoreline armoring where appropriate (soft shore blueprint) 
3. Education & outreach on the benefits of “softshore” 
 
Benchmark T-5 Reduce chronic and catastrophic oil pollution. Strategies: 
1. Minimize chronic pollution from land and marine sources (includes medium spills and 
chronic events like bilge pumping.) 
2. Support efforts to reduce risk and improve response to oil spills. 
 
Benchmark T-6. Reduce greenhouse gas emissions from San Juan County according to 
the same standards adopted by Seattle.  Strategy: Promote concept of the county doing its 
part to reduce greenhouse gas emissions (think globally, act locally) 
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
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percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issues (stormwater, wastewater, 
etc) within watershed management plans and programs 
 
Socio-cultural Target: Thriving marine based livelihoods 
 
Benchmark SC-2. By 2017, there is a reliable marine transportation infrastructure with 
limited and properly sited facilities for vessels with freight movement capacity at all 
ferry-served islands and access available to transfer passengers from small boats (from 
other islands) to ferries at all WSF ferry landings. Strategy: 
1. Work with county and port districts on criteria for facility sighting, operation and 
maintenance. (Facility includes barge landings) 
 
Benchmark SC-4. Locally-harvested marine species pose insignificant risks to human 
health, given local rates of consumption, by 2017.  Strategies: 
1. Promote water quality protection through best management practices. 
2. Determine scope and nature of the water quality problem and develop implementation 
plan. 
 
Benchmark SC-5. In San Juan County, the majority (greater than 50% percent) of 
people are aware, involved, and feel ownership of the MSA.  Strategies: 
1. Communicate a clear, inspiring stewardship message to the public. 
2. Foster projects that engage the public (seasonal and year-round residents) in marine 
stewardship, 3. Identify and engage key partners as active marine stewards.  
 
Benchmark SC-7 Healthy marine environment that sustains thriving marine-based 
livelihoods. Strategy 1. Incorporate this vision into a communication strategy (A-1). 
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issue (stormwater, wastewater, 
etc) within watershed management plans and programs. 
 
Socio-cultural target: cultural traditions, ceremonial, susistence, sustenance and 
spiritual uses and aspects. 
 
Benchmark SC-3. There is a general acceptance and awareness of marine related 
cultural practices and traditions, including treaty fishing rights by 2017. Strategies: 
1. Continue and build upon MRC, county and others’ outreach efforts with the tribes. 
2. Support others’ efforts to highlight traditional marine practices. 
 
Benchmark SC-4. Locally-harvested marine species pose insignificant risks to human 
health, given local rates of consumption, by 2017. Strategies: 1. Promote water quality 
protection through best management practices, 2. Determine scope and nature of the 
water quality problem and develop implementation plan. 
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Benchmark SC-5. In San Juan County, the majority (greater than 50% percent) of 
people are aware, involved, and feel ownership of the MSA. 
Strategies: 1. Communicate a clear, inspiring stewardship message to the public. 
2. Foster projects that engage the public (seasonal and year-round residents) in marine 
stewardship, 3. Identify and engage key partners as active marine stewards.  
 
Benchmark T-7. Nitrogen inputs from human sources do not exceed more than 10 
percent of natural levels by 2017 – considering changing to capture all pollutants that we 
care about. Strategy: Draw attention to/include marine issues (stormwater, wastewater, 
etc) within watershed management plans and programs 
 
All Conservation targets, Socio-cultural targets and all Benchmarks 
Strategy:  Develop a comprehensive communication strategy to deliver our messages to 
the public 
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Figures 1-3. Physical conditions over five annual cycles in the water 

column (200-2004, JEMS Program) just south of San Juan Island 
(source: Jan Newton), including salinity,  dissolved oxygen, and 
temperature at three sites.  
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Figure 2 
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Figure 3 
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Figure 4.  Map of all former and existing monitoring 
programs in San Juan County (MSA) and adjacent islands 
(from database in Appendix I) 

 

 



 83 

 Figure 5. Map of all former and existing monitoring programs 
in San Juan County (MSA) and adjacent islands (from 
database in Appendix I), with ending date displayed. 
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Figure 6. Map of all former and existing monitoring programs 
in San Juan County (MSA) and adjacent islands (from 
database in Appendix I), with managing organization 
displayed. 
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Figure 7. Map of all former and existing monitoring 
programs in San Juan County and adjacent islands (from 
database in Appendix I), with targets and threats 
displayed. 
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Appendix I.  Database constructed for this Monitoring Plan, including 
all former and current monitoring efforts within th e MSA.

organization general specific methods start_date end_date monitoring_ frequency
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Appendix II.   

 
Indicators and Key Attributes for Pacific Salmon from CAP 
Workbook 
 
* The Juvenile Prey Base Protection project by KWIAHT will assess the 
prey resources utilized by juvenile Chinook.  A companion project to the 
Habitat Based Assessment of Juvenile Salmon (Big Picture) project as it will 
obtain gastric contents from Chinook collected via the Big Picture sampling.   
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Indicator 

Key Attribute 
References 
by Target   
(w/ current 
indicator 
status) 

Current 
Monitoring or 
Assessment 
Information 

Organization 
performing 
monitoring 

and/or 
assessment 

Duration / 
Frequency 

abundance of juvenile herring - 
indicator is interior San Juans 
herring stock status assessment 

Pacific 
salmon 
   -Condition:  
prey 
abundance 
for resident 
Chinook  
(depressed 
(34% of 25 
year mean)) 

 - Herring 
spawning 
surveys             
- Stock Status 
Assessment  

WDFW Annually 

abundance of juveniles by 
species (to be decided) 

Pacific 
salmon 
   -Size:  
juvenile 
salmon 
population 
abundance  
(no data) 

 - No data 
currently 
available.          
- WRIA2 
Habitat Based 
Assessment of 
Juvenile 
Salmon (Big 
Picture) project 
will provide data 
on juvenile 
salmonid 
utilization by 
habitat type. 
Will also 
provide genetic 
analysis to 
determine 
which stocks 
and species are 
present. 

Skagit River 
System 
Cooperative 

Sampling 
will occur 
monthly 
over the 3 
year study 
from 2008 
- 2010.   

availability of brackish habitat per 
PSAT method 

Pacific 
salmon 
   -Condition:  
availability of 
brackish 
habitat 
(physiological 
dependency)  
(San Juans 
currently 
rated as 
'medium' by 
PSAT) 

2004 
characterization 
of the 
distribution, 
type and 
amount of 
historical tidal 
wetlands.  
Wetland losses 
were assessed 
for both loss of 
area and loss of 
units.   

DNR once in 
2004 

crab 
larvae/amphipod/zooplankton 
indicator 

Pacific 
salmon 
   -Condition:  
abundance of 
prey items for 
salmon up to 

 - No data 
currently 
available.      
 - *Note: prey 
study (see 
below) 

    


