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Abstract 
 

The ecosystem of the Berners Bay estuary is closely tied to the health of four species of forage fish: 

Pacific herring (Clupea pallasi), eulachon (Thaleichthys pacificus), capelin (Mallotus villosus), and sand 

lance (Ammodytes hexapterus). We introduce the Berners Bay ecosystem and establish the crucial roles of 

these species in maintaining its extraordinary diversity and productivity. We discuss various threats to this 

valuable ecological resource by current and proposed developments in the Berners Bay area, including the 

Kensington Gold Mine and the proposed Lynn Canal Highway, as well as by climate change. For 

comparison, we introduce a second, similar estuarine system, Puget Sound, where a greater body of 

research and management experience provides insights into the particular importance of these impacts. 

We then apply lessons learned from management of the Puget Sound estuary, as well as information from 

the scientific literature and interviews with managers and other involved stakeholders, to provide 

recommendations for the establishment of a comprehensive management plan for these species in the 

changing Berners Bay estuary with the central focus of maintaining the overall health of the ecosystem. We 

propose the initiation of monitoring programs for estuarine characteristics important to forage fish success, 

including phytoplankton abundance, salinity, pH, and turbidity. We recommend that these data be used in 

conjunction with measurements of spawning biomass and area to inform management decisions, and that 

managers retain the authority to limit vessel activity and/or new developments when data suggest that 

forage fish are under elevated stress from other factors. We also recommend the establishment of a task 

force made up of stakeholders with economic, recreational, or cultural interests in resources associated 

with the Berners Bay estuary to consider research findings and provide recommendations to managing 

agencies. Finally, we recommend that the costs of implementing this management strategy be shared 

among a variety of groups with economic interests in the Berners Bay estuary and its many diverse 

resources. 
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I. Introduction 

Four species of forage fish are integral to the ecosystem of Berners Bay, a glacial salt-wedge estuary 

on the east bank of Lynn Canal in Southeast Alaska: Pacific herring (Clupea pallasi), eulachon 

(Thaleichthys pacificus), capelin (Mallotus villosus), and sand lance (Ammodytes hexapterus) (NMFS 

2005). Forage fish are a crucial resource providing a key ecological link in the Berners Bay trophic web by 

predating primary consumers and making energy and nutrients available to higher-order organisms such as 

seabirds and marine and terrestrial mammals (Pikitch et al. 2004, Womble et al. 2005, NMFS 2005). While 

these forage fish are not currently exploited by any commercial fishery, they are inextricably linked to the 

health of an ecosystem that supports a number of other fisheries and wildlife tourism activities, as well as 

recreational and subsistence uses. They are therefore of considerable, if indirect, economic significance to 

the communities of Southeast Alaska. They also carry cultural importance, having been used traditionally 

by the Wooshkeetaan clan of the Áak’w Kwáan Tlingit (Willson et al. 2006, Carstenson, pers. comm.). 

These four species are vulnerable to the detrimental effects of habitat disturbance and degradation. 

They may be impacted by existing and proposed development in the Berners Bay estuary, including the 

Kensington Gold Mine and the proposed Lynn Canal Highway. The environmental reviews of these two 

projects required by law identified numerous potential impacts to the ecosystem, including many to forage 

fish directly. However, regulatory authorities determined that, in the case of the Kensington Gold Project, 

these impacts were acceptable and issued the permits required for development (USDA Forest Service 

1999). The review process for the Lynn Canal Highway is ongoing (http://dot.alaska.gov/sereg/ 

projects/juneau_access/index.shtml). 

Climate change represents another potentially significant impact to forage fish in Berners Bay, which 

are sensitive to changes in pH, salinity, turbidity, and other estuarine characteristics that may be impacted 

by broad climatic shifts (Feely et al. 2010). 
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In this paper, we describe the ecosystem of the Berners Bay estuary and outline human impacts 

thereupon. We then draw comparisons and contrasts to the Puget Sound estuarine system and discuss 

successes of its management, as well as areas where unsuccessful practices there can be improved upon 

in the management of the Berners Bay estuary. We recommend a management strategy to support the 

continued health of Berners Bay’s forage fish as the human presence in the estuary increases to take 

advantage of the area’s many other valuable resources. Finally, we discuss a possible means of sharing 

costs associated with this plan equitably among several stakeholders. 

II.  Overview of the Berners Bay Ecosystem 

Berners Bay is a glacially-dominated, biologically productive estuarine ecosystem, located in Lynn 

Canal north of Juneau and south of Skagway at 58º 45’ N and 134º 58’ W (Figure 1). The traditional name 

of the estuary is Daxanáak, meaning “between two points” in Tlingit (Carstenson, pers. comm.). Like other 

areas of the inside waters of Southeast Alaska, Berners Bay exhibits a wide tidal range of up to 6 meters in 

some locations, and is experiencing “extreme uplift” of up to 32 millimeters per year due to isostatic 

rebound following the Little Ice Age (Larsen et al. 2005). As uplift proceeds, the estuary’s tidal and 

supratidal habitats are progressing seaward (Connor, pers. comm., Carstenson, pers. comm.). 

The bay’s waters are strongly stratified along a density gradient caused by high volumes of 

precipitation and freshwater runoff from glacially-fed rivers and streams, resulting in a classical estuarine 

circulation pattern of seaward movement of less saline water at the surface and landward movement of 

more saline water at greater depths. This pattern of stratification is reduced during winter months, but 

consistently redevelops by the end of June (USDA Forest Service 1992). The estuary’s diverse intertidal 

and subtidal habitats are characterized by beds of macrophytic algae along rocky shorelines and eelgrass 

adjacent to its sandy beaches. Lyngbye sedge (Carex lyngbyei) in the tidal marsh also hosts species of 

epiphytic algae, which feed invertebrates that in turn feed anadromous and marine fishes (Carstensen, 

pers. comm.). The Berners Bay delta is structurally and biotically diverse, with moderate primary 



3 

productivity and large numbers 

of important primary consumers 

such as euphausiids and other 

planktonic crustaceans forming 

the base of a thriving trophic 

pyramid that supports a number 

of fish, bird, and marine 

mammal species (NMFS 2005). 

All nine rivers and creeks 

and several unnamed tributaries 

that feed Berners Bay serve as 

spawning areas for anadromous 

species of fish including 

eulachon (“hooligan”) and 

salmon (Oncorhynchus spp.) 

(NMFS 2005). Many areas of 

the Berners Bay estuary serve as spawning ground for the Lynn Canal Pacific herring (Clupea pallasi) 

stock, and the estuary provides year-round rearing habitat for other forage fish species including eulachon, 

capelin, and sand lance (Pritchett et al. 2007). Migratory birds use Berners Bay’s tidal flats for resting and 

foraging, resulting in seasonal congregations of seabirds and waterfowl that feed on the estuary’s fish and 

invertebrates (NMFS 2005). The estuary is also home to a variety of marine mammal species, including 

Steller sea lions (Eumetopias jubatus), harbor seals (Phoca vitulina), harbor and Dall’s porpoises 

(Phocoena phocoena and Phocoenoides dalli), humpback whales (Megaptera novaeangliae), and orcas 

(Orcinus orca) (Pikitch et al. 2004, Womble et al. 2005, NMFS 2005). 

Area enlarged 

Berners 
Bay 

KEY: 

Kensington Gold Mine 

Proposed Lynn Canal 
Highway Route 

Existing Roads and 
Highways 

Figure 1. Maps of the Berners 
Bay estuary (above: satellite 
image, clearly showing high 
sediment output; right: land use 
designations, road routes, and 
the Kensington Gold Mine). GIS 
layers courtesy of Richard 
Carstensen, Discovery 
Southeast. 

Land Use Designations 

L2   LUD II 
ML   modified landscape  
NNF   non-national forest 
OG   old-growth habitat 
SV   scenic viewshed 
WR   wild river 

Antler R 

Pt Bridget 

Pt St Mary 
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III.  Forage Fish and Their Essential Role in the Berners Bay Ecosystem 

Four species of fish (in this paper, generalized as “forage fish”) that feed on plankton during some or all 

of their lives and provide forage for higher-level consumers are vital to the biological success of the Berners 

Bay ecosystem: Pacific herring, eulachon, capelin, and sand lance. These species are a critical 

intermediate in the Berners Bay trophic pyramid, as they consume zooplankton, detritus, and other small 

biological matter, in turn making energy, as well as nitrogen and other crucial nutrients, available to higher-

level consumers, including larger fish, seabirds, and marine and terrestrial mammals (Pikitch et al. 2004, 

Sigler et al. 2004, Scott, pers. comm.). These four species have been discussed extensively in the scientific 

literature; for the purposes of this analysis, we will provide a brief summary of the biology of each. 

Herring spend most of their lives in inshore and offshore ocean waters, migrating to estuarine areas 

such as Berners Bay to spawn. They feed on invertebrates such as copepods, amphipods, and planktonic 

larvae of other organisms (Lassuy 1989). Herring in the Berners Bay/Lynn Canal area were evaluated for 

potential listing under the Endangered Species Act (ESA) in 2008, but the National Marine Fisheries 

Service (NMFS) determined that they did not constitute a Distinct Population Segment and did not warrant 

listing (NMFS 2008). NMFS subsequently initiated a status review of herring throughout Southeast Alaska, 

which has not yet been completed (http://www.nmfs.noaa.gov/pr/species/fish/pacificherring.htm 

#regulations). During much of the twentieth century, there was a herring fishery in Lynn Canal, but due to a 

rapid decline in spawning biomass, it has not been open since 1982 (Thynes et al. 2012). Some have 

suggested that this rapid decline is evidence of herring’s sensitivity to environmental disruption resulting 

from human activity, including habitat degradation, disturbance, and pollution (Pritchett et al. 2007). 

Eulachon are an anadromous species, spawning in the lower reaches of mainland rivers during the 

spring. They feed on plankton, particularly euphausiids and various other crustaceans. While they have 

historically had relatively little commercial value, these oil-rich fish have played an important cultural role for 

some groups of Native Alaskans, both for subsistence use and for trade. They are also a key prey source 
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for large marine predators such as the Steller sea lion (Willson et al. 2006). Swarming up-river in the spring, 

eulachon “break the winter’s fast” for wolf (Canis lupus), bear (Ursus spp.), mustelids, corvids, birds of prey, 

and thousands of sea birds. Berners Bay is designated an Important Bird Area by the Audubon Society in 

part because a substantial portion of the world population of Thayers Gulls (Larus thayeri) stage there, 

fattening on eulachon, prior to northward migration to their breeding grounds (Carstensen, pers. comm.). 

Capelin are small, short-lived, schooling fishes that are found most often in coastal pelagic habitats 

such as Berners Bay. They are demersal spawners, capable of spawning in regions ranging from the 

beaches of the intertidal zone to the substrata of the deep ocean (Carscadden et al. 2002). They feed upon 

copepods, euphausiids, and larvae of other fish species (Wilson et al. 2004). 

Pacific sand lance are bottom-dwelling fish that spawn in coastal inshore waters. These small fish, 

which take their name from their habit of burrowing into sediment to escape strong tidal currents, migrate 

offshore in the early summer and return to coastal waters during the winter. Young sand lance predate 

crustaceans and zooplankton, while adults feed upon fish larvae, amphipods, annelids, and common 

copepods (AKDOT 2006).  

IV.  Puget Sound: A Large-Scale Case Study 

Ecosystem management 

should be informed by past 

successes and failures in the 

management of similar areas. 

One area that is geologically, 

physically, chemically, and 

biologically similar to the Berners Bay estuary is the greater Puget Sound estuarine system. Puget Sound is 

much larger than Berners Bay (Table 1), but the greater degree of development and research there make it 

an instructive case study for management of the Berners Bay estuary. In our discussion of potential 

 Berners Bay1 Puget Sound2 

Regional Population3 34,000 (approx.) 35,000,000 (approx.) 
Area (km2) 61 2,642 
Shoreline (km) 55 (approx.) 4000 (approx.) 
Altered shoreline (km)4 <1 >1200 

Table 1. A table demonstrating the relative sizes and extents of 
development in Berners Bay and Puget Sound. 
1Location data courtesy of Richard Carstenson, Discovery Southeast. 
2http://www.psparchives.com/puget_sound/psfacts.htm#geography. 
3Including cities and towns in the surrounding region. 
4Defined as shoreline currently affected by armoring, dredging, etc. 
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impacts to and management of Berners Bay forage fish, we frequently refer to findings by researchers and 

managers working in the Puget Sound estuary. In this section, we briefly outline the characteristics of this 

estuary, including important similarities with and differences from Berners Bay. 

Puget Sound is a semi-enclosed glacial fjord located between the Cascade and Olympic mountains in 

northwest Washington. Glacial processes no longer dominate the sound, as its glaciers retreated from the 

basin after the last Ice Age. Like Berners Bay, Puget Sound exhibits an exceptionally high tidal range of up 

to 4.4 m in some areas (Finlayson 2006). The sound also shares many ecological characteristics with 

Berners Bay, including shorelines dominated by eelgrass and kelp beds, an abundance of migratory 

seabirds, and a variety of fish and marine mammal species (http://www.ecy.wa.gov/programs/sea/ 

pugetsound/species/species.html). As in Berners Bay, forage fish play a critical role. In Puget Sound, the 

four main species of forage fish are Pacific herring, sand lance, northern anchovy (Engraulis mordax), and 

surf smelt (Hypomesus pretiosus) (Pentilla 2007). 

Complex circulation patterns resulting from irregular geometry cause a high proportion of the estuary’s 

sediments to be trapped and eventually deposited within the basin; relatively low sediment loads are 

delivered to the open ocean from the watershed (http://exhibits.pacsci.org/puget_sound/PSGeology.html). 

One consequence of this is that toxins originating from human activity, such as polychlorinated biphenyls 

and polybrominated diphenyl ethers, accumulate in the estuary (EPA 2006). The environmental impact of 

such pollutants in Puget Sound has been well documented, providing information that might not otherwise 

be available about their effects on estuarine systems, such as decreased viability of fish eggs (Monosson 

2000) and cardiac arrhythmia in fish larvae (Lema et al. 2007). 

V.  Potential Impacts: Kensington Gold Project 

In addition to its diverse ecosystem, Berners Bay is home to valuable minerals, most notably gold. 

There is historical record of at least three operating gold mines in Berners Bay, including the Kensington 

Gold Mine, which operated from 1897 until 1938 (Redman 1986). The current Kensington Gold Mine 
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(Figure 1) is adjacent to Berners Bay, on the same site as the historic mine, and began operating in 2010. It 

is expected to operate for approximately ten years. It excavates ore extending from the surface to a depth 

of 3,000 feet, and is expected to produce approximately 400 tons of tailings per day and 7.5 million tons 

over the ten years of operation (NMFS 2005). Mine tailings are disposed of into Lower Slate Lake, which 

was determined a suitable disposal site by ADF&G (Timothy et al. 2011). In 2010, the output of the mine 

was 174,734 tons of ore, from which 43,119 ounces of gold were extracted (Coeur Alaska, 2010). 

The Kensington Gold Mine has been a source of conflict between conservation groups such as the 

Southeast Alaska Conservation Council and corporations such as Goldbelt Inc., which operates the 

transportation services to and from the mine (http://www.goldbelt.com/goldbelt-subsidiaries-alaska/goldbelt-

transportation) and Coeur Alaska, which owns and operates the mine itself (Coeur Alaska 2010). The 

National Marine Fisheries Service (NMFS) stated in its ESA biological opinion on the mine project that, 

among other species, herring, eulachon, and capelin are likely to be adversely affected by the shuttling of 

crew and equipment to and from the mine site. NMFS also stated that “with already low survival rates under 

natural conditions, it is likely that herring survival rates will be even lower when spawning and rearing 

habitats are degraded around the two proposed marine facilities” serving the mine (2005). 

Conservation groups also allege that disposing of tailings in Lower Slate Lake is inappropriate, as the 

lake is ultimately connected to the groundwater of the Berners Bay estuary and surrounding rivers; these 

groups suggest that this could lead to the contamination of the pristine ecosystem with toxic byproducts of 

the mining process seeping from the Lower Slate Lake tailings site. Additionally, these groups have 

expressed concerns regarding the inherent hazards of a large industrial operation in a natural environment, 

including the potential for fuel and waste spills and cumulative habitat degradation (http://seacc.org/mining/ 

kensington). For its part, Coeur contends that the extensive seismic, geotechnical and hydrological 

research that went into the permitting process showed a limited ecological impact on the surrounding 

areas. Coeur also follows a strict weekly monitoring protocol of all water leaving the mine’s treatment 



8 

facilities and surrounding streams (Bailey, pers. comm.). Even with the best safety measures in place, 

however, there still exists the risk of unexpected conditions causing dams retaining mile tailings to fail, 

potentially causing catastrophic and long-lasting damage to the ecosystem. Historically, of the 

approximately 3,500 similar tailings dams worldwide, one to two have failed each year (Rico et al. 2007). 

While this is a low rate of failure, the potentially devastating consequences require that a comprehensive 

containment and mitigation plan be in place in the event of a breakage. 

VI.  Potential Impacts: Lynn Canal Highway 

The proposed Lynn Canal Highway, connecting Juneau to Skagway and the rest of the continental 

road system, also has potential to impact the ecosystem of Berners Bay. Currently, Juneau is the largest 

city in North America not connected to the continental road system, and all freight and passenger 

transportation is limited to air and sea. The Alaska Marine Highway provides vehicle and passenger 

transportation, and private freight companies provide transportation of goods to and from Juneau. The 

proposed road (Figure 1) would be a 50.8-mile two-lane highway connecting the end of the current Juneau 

road system with a shuttle ferry from a new terminal to be constructed north of the Katzehin River. 

Alternatives considered include improved ferry service from Juneau to Haines and Skagway, as well as 

extending the road as far as Sawmill Cove just north of Berners Bay, with a shuttle ferry to the other side of 

Lynn Canal and a 38.9 mile highway there to Haines (AKDOT 2006). 

The preferred road plan would lead to the loss of 70 acres of wetlands, 20.4 of which are located in 

Berners Bay. The affected wetlands are almost entirely forested wetlands that provide sediment retention 

and wildlife habitat. The plan would also require filling or dredging 34.6 acres of intertidal and subtidal 

marine habitat, but would seek to minimize damage to fish streams by using clear-span bridges that would 

not directly impede the flow of these streams (AKDOT 2006). 

The Alaska Department of Transportation (AKDOT) holds the position that the wetland and terrestrial 

habitat lost would not have a great impact on wildlife, as the total habitat lost is a very small percentage of 
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the total habitat available (AKDOT 2006). However, road developments on the scale of the Lynn Canal 

Highway proposal have the potential to affect habitat in not only the immediate area of the causeway, but 

also the broader estuary by diverting water flow and interfering with natural sedimentation patterns and fish 

and wildlife movements (Scott, pers. comm.). Experience with and research into the population dynamics of 

forage fish in the Puget Sound ecosystem have led experts to conclude that these sensitive species are 

significantly impacted by dredging and shoreline armoring activities such as those associated with road 

construction in identified spawning areas (Penttila 2007). 

Furthermore, developing a road through Berners Bay would allow easier recreational access to a 

currently remote area, potentially resulting in long-term negative cumulative impacts due to human activities 

including the use of off-road motorized vehicles. AKDOT estimates that the Average Daily Traffic (ADT) of 

the state’s preferred alternative would be 1,190 vehicles during the summer months by 2038, with a 

maximum summer capacity of 1,276 vehicles (AKDOT 2006). Traffic at this level would lead to secondary 

development, increased recreational use, and further degradation of nearby spawning habitat (Carstenson, 

pers. comm.). Taken together, the impacts, both direct -- construction of a highway over top of some 

spawning areas -- and indirect -- including sedimentation, water flow diversions, increased vessel activity 

and other recreational use in and around sensitive shoreline, pollution, and others -- of the proposed 

development have led some scientists to conclude that the construction of the Lynn Canal Highway would 

be a “game-changer” for the estuary and the forage fish that rely on the coastal areas most affected by 

such modification for sensitive spawning habitat (Scott, pers. comm.). AKDOT has acknowledged that, 

among other species, all four forage fish identified here may be negatively impacted by the construction of 

the Lynn Canal Highway (AKDOT 2006). 

VII. Potential Impacts: Climate Change 

Global climate change affects all ecosystems, but its effect is particularly pronounced in the marine 

environment. Ocean acidification, the result of rapidly increasing concentrations of carbon dioxide gas from 
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anthropogenic sources in the atmosphere, is known to have a variety of impacts on marine life, most 

notably those planktonic organisms that precipitate calcium carbonate into their shells in the form of 

aragonite (http://www.pmel.noaa.gov/co2/, Orr et al. 2005), a compound that is highly soluble in acidic 

solution. This is especially consequential to organisms such as forage fish that rely directly on calcifying 

organisms as a prey source. Research by Feely et al. (2010) in Puget Sound suggests that estuarine 

acidification from anthropogenic sources, particularly in developed areas, may be more dramatic and occur 

over shorter timescales than that in the open ocean due to complex chemical processes related to not only 

dissolved atmospheric carbon dioxide, but also “remineralization of organic matter due to natural or 

anthropogenically stimulated respiration processes.” Their findings led the authors to conclude that “the 

relative impact of ocean acidification could increase significantly” in the coming years, and that “the role 

ocean acidification will play in estuaries may be different from the open ocean,” necessitating further 

targeted research in this area (Feely et al. 2010). 

Another important impact of climate change on the forage fish of Berners Bay is the potential for 

significant change in freshwater circulation patterns due to changing glacial melt patterns. Because the 

glaciers that feed Berners Bay are at low elevation, they are particularly susceptible to the influence of 

climate change (Larsen et al. 2007); if current projections of continued atmospheric warming are accurate, 

the rate of glacial retreat in Southeast Alaska is expected to increase. This would increase the rate of 

freshwater influx to the estuary, reducing salinity and altering flow patterns, both of which have the potential 

to impact sensitive spawning habitat for the forage fish of Berners Bay (Connor, pers. comm.). 

Changes in salinity also affect the germination of aquatic plants, as well as their development and 

photosynthesis (Short et al. 1999). Estuarine habitat is essential for early life stages of many marine 

species, including forage fish, and changes could affect the growth and development of such species. An 

abundance of seagrasses is especially important to juvenile fish, and has been shown to be a key factor in 

their developmental success (Bell et al. 1988). 
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VIII. Additional Considerations: Commercial Fisheries 

The Berners Bay estuary also provides essential habitat for a variety of commercially valuable species, 

including those for salmon, groundfish (including halibut (Hippoglossus stenolepis) and Pacific cod (Gadus 

macrocephalus)), and various species of crab. Previously, fisheries also existed in the area for both herring 

and pollock, but declining stock sizes have since resulted in the closure of both fisheries (USDA Forest 

Service 1992). The remaining fisheries are a valuable resource that depends heavily on the continued 

success of forage fish (Hebert, pers. comm.). The most valuable local fisheries target salmon in upper Lynn 

Canal using drift gillnets, attracting between 50 and 350 vessels each season. In recent years, sockeye and 

chum salmon have comprised the largest part of the catch of Lynn Canal salmon, with sockeye dominating 

the harvest value due to a much greater value per pound (USDA Forest Service 1992). The populations of 

salmon in Lynn Canal are augmented by releases from the Douglas Island Pink and Chum salmon 

hatchery (http://dipac.net/2012_hatchery_ releases.htm), adding to the value of this resource. 

Houseweart et al. (2011) hypothesize that augmentation of wild salmon stocks by releases from the 

DIPAC salmon hatchery may be negatively impacting populations of herring in the greater Lynn Canal area, 

including Berners Bay, both through predation of larval forms and competition for zooplanktonic prey 

sources. If this hypothesis is correct, the mechanism may also apply to eulachon, capelin, and sand lance, 

all of which are predated by and share zooplanktonic prey sources with salmon, like herring. 

IX. Additional Considerations: Tourism 

Lynn Canal also hosts a substantial ecotourism industry. Whale watching has a major economic 

impact, contributing an estimated $32,000,000 to the Juneau economy in 2006 (Colt et al. 2007). The 

species of whale in Lynn Canal include humpback whales and orca, both of which feed on herring and 

other forage fish. Steller sea lions, another draw for tourists, also feed on herring (Houseweart et al. 2011). 

Various terrestrial species are also indirectly reliant on forage fish, including brown bear (Ursus arctos), 
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which feed on salmon, an important consumer of forage fish (Scott, pers. comm.). The success of this 

industry is therefore closely linked to the continued health of Berners Bay’s forage fish. 

X. Management Plan 

The forage fish of Berners Bay occupy a crucial intermediate level of the ecosystem’s trophic web, and 

their ongoing health is therefore essential to the continued biological productivity of the Berners Bay 

ecosystem and the human uses it supports: fisheries, tourism, recreation, and subsistence use. These fish 

are impacted by a multitude of factors, many of which are associated with other valuable resources of the 

Berners Bay estuary. In an effort to balance the diverse interests in the Berners Bay estuary, we 

recommend the establishment of a comprehensive management regime with the following goals: (1) to 

monitor and maintain the health of the four key forage fish species and the ecosystem as a whole; (2) to 

minimize the ecological impact of future and existing development in the estuary and surrounding areas; (3) 

to monitor the impact(s) of climate change to the estuary; (4) to establish an adaptive management 

approach to apply the results of monitoring to inform management decisions; and (5) to involve all 

stakeholders in the management of Berners Bay. To finance these crucial measures, we recommend the 

institution of surcharges to a broad range of entities with economic interests in resources associated with 

the Berners Bay estuary. 

Scientifically sound management practices must be informed by statistically meaningful data. Further 

research into the current health of Berners Bay’s forage fish is necessary to determine what measures are 

necessary to ensure their sustainability. This research should include zooplankton tow assays to determine 

the abundance of prey sources, surveys to determine the present extent of spawning areas, and trawl 

surveys to estimate the existing biomass of each species. These studies should be carried out initially over 

a period of several years to establish a statistical baseline, and could then be reduced in frequency to 

alternate years or longer intervals, as resources allow. A significant decline in zooplankton abundance after 

the establishment of a baseline could indicate to managers that the forage fish population is at risk of a 
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commensurate decline in the near future, and would allow sufficient time to adapt management to minimize 

other threats to forage fish populations. We also recommend that spawning area and biomass continue to 

be monitored on a regular basis; declines in one or both of these following the beginning of a new 

development project could indicate that the activity in question jeopardizes the continued health of the 

ecosystem. We recommend an adaptive approach to management based on these data, wherein key 

biological indicators are monitored to signal the influence of new impacts to the estuary and managers 

retain authority to impose restrictions on new development or vessel traffic through the estuary or to 

consider less intrusive alternatives when conditions suggest elevated stresses to forage fish. 

Surveys of spawning area would also provide managers with precise information regarding which areas 

of the estuary would be most sensitive to disruption by human activity. Based on the findings by Pentilla 

(2007) that dredging, armoring, and other in-water activities are detrimental to forage fish in Puget Sound, 

we recommend that future development projects in Berners Bay be, to the maximum extent practicable, 

located in areas of minimal impact to spawning forage fish populations. This is of particular relevance to the 

Lynn Canal Highway project. AKDOT has taken a major step in conserving crucial habitat in Berners Bay 

by avoiding sensitive coastlines as much as possible and using clear-span bridges across streams used by 

anadromous fish in its favored route for the Lynn Canal Highway (AKDOT 2006). In addition to benefitting 

forage fish, this mitigation will minimize the need for terrestrial wildlife to cross over the road itself; bears in 

particular have been observed to cross the proposed transportation corridor primarily at these streams 

(Flynn et al. 2012). AKDOT has also stated that all “in-water work” on the highway would be timed to take 

place while fish are not using the areas for spawning (AKDOT 2006). We recommend that these practices 

and those suggested by Pentilla (2007) based on experience in Puget Sound be adopted in the planning of 

all future developments in Berners Bay in order to minimize impacts to the estuary’s forage fish. 

Existing developments must also be managed in order to minimize potential impacts to the ecosystem. 

Coeur Alaska has asserted that the practices used to process and dispose of waste products of the 
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Kensington Gold Mine are not detrimental to marine life in Berners Bay (Coeur Alaska 2010). Given the 

potential risk of seepage from the Lower Slate Lake tailings storage site, we recommend that current 

rigorous monitoring practices be continued to ensure that tailings and contaminants are being successfully 

contained and do not pose a threat to the Berners Bay ecosystem. Additionally, we recommend that Coeur 

Alaska work with the U.S. Environmental Protection Agency (EPA) and the Alaska Department of Natural 

Resources to establish a comprehensive, publicly-available response plan for unexpected failure of the 

Lower Slate Lake dam so that it is prepared to act quickly and responsibly in the unlikely event of a 

breakage, reducing the potential for contaminants to cause lasting harm Berners Bay. 

Climate change is difficult to measure directly; however, with respect to the Berners Bay estuary, two 

important long-term consequences of climate change can be determined with relative ease. The first of 

these is freshwater and sediment influx from glacial melt. We recommend that flow-monitoring stations be 

constructed to estimate glacial runoff to Berners Bay throughout the year, as significant changes in 

freshwater and sediment influx over time could impact sensitive spawning ground for forage fish. The 

second consequence of climate change that can be easily measured in Berners Bay is ocean acidification. 

We recommend that a pH-monitoring program be established, in which the pH of seawater in various areas 

within the estuary is sampled several times each year and compared against a baseline (to be established 

within the first several years of study) to determine the extent to which Berners Bay is being acidified. 

These ecosystem variables will allow managers to make more accurate assessments of long-term threats 

to forage fish while assessing the ability of the population to withstand outside stresses, such as new 

developments. As with a significant decrease in spawning biomass or area, we recommend that managers 

consider and respond to changes in pH, salinity, or sediment influx with commensurate restrictions on new 

development or vessel traffic in the estuary to minimize additional stresses to forage fish. 

While these parameters and management strategies seem at this time to be most important in 

assessing the health of forage fish in Berners Bay, ecology is a dynamic science; in the future, it may be 



15 

more meaningful to measure other parameters or implement different management measures. For 

instance, if the hypothesis presented by Houseweart et al. (2011) regarding the impact of hatchery-

released salmon is supported by further research in that area, it may be appropriate to divert resources 

toward measuring predation and competition by species not monitored under this plan. It is also important 

that existing research into other factors affecting the Berners Bay ecosystem be continued and expanded; 

this information could allow managers to place the findings of research under this plan in broader context. 

We recommend that any management plan established to address the forage fish of Berners Bay be 

structured to allow for dynamic shifts in research foci to provide managers with the most relevant 

information needed to meet the complex needs of the ecosystem, and to encourage the further exploration 

of novel management ideas. One such idea is the development of a forage fish hatchery in Berners Bay. 

While increased competition and other complex ecosystem dynamics present challenges to such a project, 

further study may find it to be a promising alternative to conventional management methods. 

Finally, we recommend that a task force, made up of stakeholders with economic, recreational, or 

cultural interests in resources associated with the Berners Bay estuary, be established to consider research 

findings and make recommendations to managing agencies such as ADF&G. Such a task force should 

include, at minimum, representatives from ADF&G, AKDNR, AKDOT, EPA, NOAA, Coeur Alaska, 

Sealaska, Goldbelt Inc., and each of the fisheries and tourism operations based in or around Berners Bay, 

as well as other involved community members. This community involvement would ensure that 

recommendations reflect the diverse interests associated with the Berners Bay estuary. 

Meticulous research of the kind necessary to determine and maintain the health of an ecosystem is 

expensive; however, in the case of the Berners Bay estuary, the cost of not undertaking such research 

could be far greater. If the estuary’s forage fish are compromised by a future development project or 

existing use, the effect on nearby fisheries and marine mammal-based tourism operations could be 

devastating. With this shared liability in mind, we recommend that the costs of research and management 



16 

oversight be shared equitably among a broad range of entities with economic interests in resources 

associated with the Berners Bay estuary, including fisheries permit holders, tourism operators, Coeur 

Alaska, AKDOT, and any other entity considering developing in the Berners Bay area. If the Lynn Canal 

Highway is constructed, we also recommend the institution of a per-vehicle toll for this purpose once the 

road is operational. 

XI. Conclusion 

Forage fish are integral to the Berners Bay ecosystem. Existing and proposed developments and other 

human activity in the estuary threaten the continued health of this critical resource, necessitating the 

establishment of a comprehensive management strategy to ensure that the health of the ecosystem is 

preserved as the human presence within the estuary grows to exploit the estuary’s many valuable 

resources. We recommend an investigatory approach based on a number of dynamic ecosystem variables, 

as well as lessons learned from the management of Puget Sound. We recognize that ours is not the only 

approach to management of this crucial resource; however, our strategy contains elements necessary for 

the success of any such plan: careful monitoring of key ecosystem variables, adaptive restrictions on new 

development and other potential impacts, stringent limitations on development practices that disrupt critical 

forage fish habitat, equitable distribution of costs among all major users of the estuary, and involvement of 

key stakeholders in management decisions. Regardless of the approach chosen, it is imperative that 

Berners Bay forage fish be monitored and protected, as they are a crucial trophic link on which the 

continued health of their entire ecosystem depends. 
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