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Lingcod ( Ophiodon elongatus) are known to utilize certain estuaries along the 

Pacific coast of the United States, but the importance of these habitats to the coast-wide 

population is not well understood. In this study, general patterns of estuarine habitat 

use were assessed by tracking the movement of sub-adult and adult lingcod in Yaquina 

Bay, Oregon with acoustic telemetry. Temporal changes in local abundance were 

surveyed at three sites using SCUBA. Lingcod tagged in the marine zone of the estuary 

exhibited high site fidelity but took frequent forays beyond the range of detection. 

These forays were aperiodic and did not appear to correlate with fluctuations in 

temperature or salinity. Only 2 of 10 lingcod captured and released within the bay 

exhibited movement between the two stationary listening posts approximately 1.5 

kilometers apart. From July 2004 to March 2005 sampled lingcod abundance was 

similar at three sites within Y aquina Bay. However, a decline in abundance was 

observed from summer to winter. Evidence of lingcod spawning in Yaquina Bay was 

observed in January. 



Certain physical characteristics of West Coast estuaries such as flow ratio and 

the degree of shoreline development may serve as indicators of habitat suitability for 

adult lingcod. Despite marked physical differences between estuaries, the current 

fisheries management plan groups all West Coast estuaries together. Since all life 

stages of lingcod reside in some estuaries, a precautionary approach would consider 

estuaries essential fish habitat (EFH). However, more precise definitions of estuarine 

habitat types that do not rely on a "one size fits all" approach would improve 

management. This study contributes habitat use information on a continuous temporal 

scale not previously available with conventional tagging methods and provides a new 

understanding of lingcod within an understudied part of their range. 
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Movement and Abundance ofLingcod (Ophiodon elongatus) in Yaquina Bay 
Estuary, Oregon: Evidence for essential habitat designation 

1. Introduction 

Fish habitat considerations have played an increasing role in fisheries 

management on the U.S. West Coast. Efforts to define and protect essential fish habitat 

(EFH) require first, an adequate understanding of the species' life history, and second, 

definitions of habitat types that are adequately descriptive and representative of the 

diversity found in the marine environment. In this thesis I present one example of an 

ambiguous EFH definition that has resulted from limitations in both of the 

aforementioned areas: lingcod (Ophiodon elongatus) in estuaries. This chapter includes 

three sections that provide background on the biology of lingcod, the management of 

groundfish fisheries in general, and the role estuaries play in the Northeast Pacific 

nearshore ecosystem. Chapter two presents research on fine scale lingcod movement, 

abundance, and general habitat preferences in regard to estuaries. The results from this 

study help improve the quality of information about lingcod and allow us to move 

beyond simply ascribing whether they are present or absent. The third chapter 

synthesizes this new information in terms of its applicability to management and 

explores the root of ambiguity in defining EFH for lingcod. 

1.1 Lingcod Biology 

Lingcod is a species of groundfish endemic to the west coast of North America 

(Cass et al. 1990). Its range spans from Kodiak Island in the Gulf of Alaska to northern 

Baja California (Hart 1973). Adult lingcod are demersal and are most commonly 

associated with hard-bottom, high-relief benthos on the continental shelf (Smith and 
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Forrester 1973, Jagielo 1988). Lingcod are known to occur from Oto approximately 

475 meters in depth (Allen and Smith 1988, Cass et al. 1990) but are most abundant 

from 10 to 100 meters (Smith and Forrester 1973, Jagielo 1988). Large juvenile and 

adult lingcod are distributed by size and sex across depth strata, with deeper waters 

generally containing larger individuals and a higher proportion of females (Cass et al. 

1990, Jagielo 1994). 

1.1.1 Lifecycle 

Lingcod are oviparous and iteroparous. Spawning occurs during the winter 

months from November to March (LaRiviere et al. 1981, Emmett et al. 1991). In 

California, peak spawning is in December and January (Miller and Geibel 1973) 

whereas, in Washington, spawning peaks in February and March (LaRiviere et al. 

1981). Eggs are fertilized externally and attach in clusters to rocky substrate (Giorgi 

1981, Cass et al. 1990). Lingcod prefer well-oxygenated areas with swift currents as 

nest sites and have been observed from the intertidal to 126 min depth (Giorgi 1981, 

O'Connell 1993). Male lingcod guard the nests during incubation which can be 5-11 

weeks (Cass et al. 1990, Adams and Hardwick 1992, Jagielo 1994). Occasionally a 

male will guard multiple nests (Jewell 1968, Low and Beamish 1978, LaRiviere et al. 

1981 ). In one study genetic evidence from nests and their respective guardians revealed 

that 62% of the nests had multiple fathers (up to 5 sources of paternal DNA) indicating 

that polygamy frequently occurs during spawning (Withler et al. 2004). 

Larvae are epipelagic for approximately 3 months until they settle on sandy 

substrate in shallow areas near eelgrass or kelp patches (Phillips and Barraclough 1977, 
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Cass et al. 1990). During this planktonic phase larval lingcod grow about ten times in 

size from 6-11.5 mm after hatching, to 70-80mm when they become demersal (Phillips 

and Barraclough 1977). By year 1 (~350 mm) juvenile lingcod inhabit a wider range of 

flat bottom habitat and by age 2 ( ~480 mm), they move into more complex, rocky 

habitats more typical of adults (Cass et al. 1990, Jagielo 1994). 

The size and age at which lingcod mature is correlated with a latitudinal 

distribution. Generally, lingcod reach maturity at a younger age and smaller size in the 

southern part of their range (Richards et al. 1990). A dichotomy is also evident between 

sexes. Fifty percent of male lingcod from California were mature at 39 .8 centimeters 

and 2 years of age (Miller and Geibel 1973, Richards et al. 1990), while 50% of males 

from different areas within British Columbia were mature at 58.1-62.2 centimeters and 

3.5-5.0 years old (Richards et al. 1990). Fifty percent of female lingcod 58.8 

centimeters and 5 years old from California were mature (Miller and Geibel 1973), 

whereas, in British Columbia, these statistics ranged from 64.1-66.5 centimeters and 

3.9-4.3 years. Cass et al. (1990) reported that mature female lingcod from the west 

coast of Vancouver were between 3-5 years old on average. Jagielo (1994) estimated 

length-at-age and maturity parameters for Washington stocks which showed that age at 

50% maturity was 4.6 years and 3.4 years for female and male lingcod respectively. 

Lingcod are considered voracious generalist predators, feeding mostly on fish 

and invertebrates (Cass et al. 1990). As pelagic larvae, lingcod feed mainly on 

copepods, crab larvae, amphipods, euphausiids and herring larvae (Phillips and 

Barraclough 1977). Once they settle,juveniles prey on herring (Clupea harengus), 
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Pacific sand lance (Ammodytes hexapterus), flatfish (Pleuronectidae), shiner perch 

(Cymatogaster aggregata), walleye pollock (Theragra chalcogramma), and 

invertebrates such as shrimp (Neomysis macrops) and prawns (Panda/us danae) (Cass 

et al. 1990). Recent stomach content analysis on the Oregon coast has shown that adult 

lingcod also eat rockfish species (Sebastes), dungeness crab (Cancer magister), and 

octopus (Octopus) (C. Tinus, O.S.U., pers. comm.). 

Error is inherent in ageing lingcod, which effects the accuracy of length-at-age 

estimates and age-at-maturity calculations. Mcfarlane and King (2001) re-examined 

the methodology used to age the British Columbia stocks (Chilton and Beamish 1982) 

in order to verify its accuracy and found that the methodology had deviated over the 

course of about a decade. As a result, ages were being consistently underestimated 

throughout 1990's. The most recent lingcod stock assessment for the PfMC shows 

that: 1) older ages are more commonly mis-identified; and 2) tremendous variability in 

length-at-age makes age estimation from length difficult (Jagielo et al. 2003). This 

uncertainty in lingcod ages and stock structure can lead to miscalculations of mortality 

rates, recruitment, and other parameters which play a crucial role in management 

decisions (Mcfarlane and King 2001). 

1.1.2 Movement 

Eleven studies of lingcod movement over the past thirty years have concluded 

that lingcod are generally non-migratory although a small percentage (5-20%) have 

moved more than 10 km from where they were released (table 1 ). Large scale tagging 

studies of lingcod (> 1000 fish, over 3+ years) using simple spaghetti tags or t-bar 
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anchor tags have occurred in the Straits of Juan de Fuca, Straits of Georgia and on the 

open Pacific coast off of Cape Flattery, Washington and Newport, Oregon (Mathews 

and LaRiviere 1987, Barss and Demory 1989, Jagielo 1990, Smith et al. 1990, Jagielo 

1999). The farthest distance traveled by a lingcod was 564 km (Mathews and LaRiviere 

1987). Other studies have observed movement by individual fish on a similar order of 

magnitude (DeMott 1983, Jagielo 1990, 1995) but these instances reflect only a small 

percentage of recaptures. 

Not all tagging studies in the past had the explicit purpose of determining 

movement. In some cases, tag returns were used to quantify parameters for population 

models including growth, mortality, and catchability (Jagielo 1995, 1999, Martell et al. 

2000). Distance traveled was reported as a side note and thus it is sometimes difficult 

to compare the results from different tagging studies. 

Two tagging studies were done in Oregon with t-bar anchor tags. The Oregon 

Department of Fish and Wildlife (ODFW) tagged 4,151 lingcod, mostly around 

Stonewall Bank (40-83 fathoms) and Johnson Rock (10 fathoms), popular commercial 

and recreational fishing areas respectively. Golden and co-workers reported that after 

approximately one year at large, 368 tags had been recovered, of which only 18 showed 

movement out of the area in which they had been tagged (Golden et al. 1979). Exact 

distances moved were not reported. Barss and Demory (1989) used more complete 

recapture data to explore evidence of inshore-offshore exchange of lingcod between 

these two sites. Sixteen percent of all the tags were recaptured. At Johnson Rock, all 

but one of the tag recoveries occurred within one year and only 3 of the 20 were 
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recaptured more than 9 kilometers from where they had been tagged. At Stonewall 

Bank, tags were returned over a period of five years and 89% of recaptures were within 

9 kilometers of where they were released. They concluded that despite speculation of 

seasonal migrations (Wilby 1937), inshore-offshore exchange during spawning season 

was limited. DeMott (1983) tagged several species ofreef fish including 552 lingcod. 

Fourteen tagged lingcod were recaptured, six of which showed significant movement. 

One lingcod was found 442 kilometers north of where it had been tagged after 170 days 

at large. Four tagged lingcod moved over 56 kilometers. 

Lingcod tagging studies have used either external floy tags, or acoustic pinger 

tags. These two types of studies work on very different scales. The former generally 

requires hundreds to thousands of fish and relies on commercial or sport fisheries to 

identify and return the tags. This quantity is possible due to the low cost per tag. Floy 

tag studies often require years to recapture a significant proportion of tagged fish at 

which point the only information from each tag is the time and place of release and 

recapture. In contrast, acoustic tagging studies are limited by the high cost and battery 

life of each tag. Therefore, these studies are generally shorter. The advantage is that 

the amount of information returned per tag can be significantly higher. Acoustic tags 

allow researchers to acquire information about where the fish is in between those two 

times, even if the fish is never recaptured. 

Acoustic telemetry studies of lingcod have shown homing abilities of displaced 

fish and strong site fidelity of fish tagged within a marine reserve. Matthews (1992) 

used externally attached tags and continuous tracking to monitor home ranges and 
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homing tendencies of adult lingcod near Gabriola Island, British Columbia. The longest 

tracking duration was 20 days and she found evidence for both strong site fidelity and 

homing ability when fish were displaced less than 3 km (Matthews 1992). Yamanaka 

and Richards (1993) did a follow up study, which transplanted smaller/younger fish a 

greater distance (250 km). They found that for the limited duration of the tag life (28 

days), 7 of 13 displaced lingcod left the release area although whether they returned to 

the place of capture could not be determined (Yamanaka and Richards 1993). Starr and 

co-workers set up an array of stationary receivers around a reserve in southeast Alaska 

and monitored 43 lingcod tagged with acoustic pingers (Starr et al. 2004). Lingcod 

exhibited high site-fidelity but went on frequent forays out of range of the hydrophones. 

On average, lingcod stayed within the reserve for 12. l days at a time and would leave 

for an average of 6.5 days at a time before returning. 

Genetic analysis of population structure along the West Coast from Alaska to 

California concluded that lingcod are genetically similar throughout their range except 

in Puget Sound (J agielo et al. 1996). Significant differences in allele frequencies 

between Puget Sound lingcod and a pooled sample of lingcod from the open coast 

implied that the Puget Sound sub-population was partially isolated. Lingcod sampled 

from the Oregon nearshore exhibited significant allele frequency differences compared 

to lingcod sampled from the Oregon offshore area (p=0.003). However, the Oregon 

nearshore sample was simply treated as an outlier and these differences were not 

explored further. The authors suggest that genetic flow likely occured during the larval 

phase and was therefore influenced primarily by oceanographic phenomena. 



Table 1. Review of lingcod tagging studies since 1980. 

Authors Year Years of Location Tag type Number Number Maximum Home General Conclusion 
Study Tagged Returned movement Range 

Estimate 

DeMott, G.E. 1983 1978--1982 Oregon central coast external 552 14 442km N/A 50% moved >10km 

Mathews, S.B., M. 1987 1976-1981 Strait of Juan deFuca, San external 1692 157 564 km N/A Of 149, 75 migrated <8.1 km, 61 
LaRiviere Juan Island <50km, 13 >50km 

Barss, W.H., R.L. 1989 1977-1978 Oregon central coast external 4111 657 >100nm 90% No exchange between sites 
Demory <5nm observed. ~90% recaptured <5nm 

away 

Jagielo, T.H. 1990 1986-1989 Strait of Juan deFuca, external 2997 393 241 mi 80.7%< 1 out of 5 lingcod migrate, 34% 
Neah Bay 5mi moved>50km 

Smith, B.D., G.A. 1990 1982-1987 Strait of Georgia external 10293 575 99km males Quantified dispersal rates and 
McFartane, A.J. Cass 17km/yr, mortality. Males move less and die 

females faster 
34 km/yr 

Matthews, K.R. 1992 1990 Gabriela Island, east side acoustic 11 11 2.8km .01-.02 Lingcod are capable of homing after 
of Vancouver Island ( displaced) nm over being displaced 

12-20 d 

Yamanaka, K.L., L.J. 1993 1991 East coast of Vancouver acoustic 17 17 28.9km 1km Transplanted fish disperse 
Richards Island depending on size 

Jagielo, T.H. 1995 1986-1992 Cape Flattery, Makah Bay external 5998 983 385 km NIA Estimated mortality parameters 
to Sekiu River 

Jagielo, T.H. 1999 1991-1994 Cape Flattery, NW WA external 10573 2998 N/A N/A Evidence of seasonal spawning 
coast migration and ontogenic tendency to 

deeper waters 

Martell, S.J.D., C.J. 2000 1998 Howe Sound, Strait of external 338 2 10km N/A Seasonal spawning migration does 
Walters, and S.S. Georgia take place 
Wallace 

Starr, R.M., V. 2004 1999 SE Alaska acoustic 43 43 NIA 2km High site fidelity with forays every few 
O'Connell, S. Ralston days 

00 
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1.2 Pacific Groundfish Management 

The term "Pacific groundfish" refers to an assemblage of 89 species that occur 

in the Northeast Pacific, on the continental shelf and slope of North America (PFMC 

2004). As indicated by the name, these species are closely, although not exclusively, 

associated with the sea floor. Groundfish fisheries off the Washington, Oregon and 

California coasts are managed primarily by the Pacific Fisheries Management Council 

(PFMC), with additional support coming from the three respective states and from the 

Pacific States Marine Fisheries Commission (PSMFC). 

Pacific groundfish are economically important and generate social and economic 

benefits through both commercial and recreational harvest. With the exception of 

Pacific whiting, groundfish landings have been in steady decline for the past decade 

(PacFIN). Non-whiting groundfish landings by all commercial gear types in 2004 

totaled 25,919 tons, a decline of 58% from 1994 (PacFIN 2005). Lingcod landings 

from all commercial gear types in 2004 were less than 10% of 1994 landings due to 

quota reductions aimed at rebuilding the stock. Not surprisingly, ex-vessel revenue 

from lingcod showed similar declines during these years (figure 1). 

In general, groundfish fishing effort is managed at a rate that will result in stock 

sizes being maintained between 40% and 50% of unfished biomass; a level believed to 

produce the maximum sustainable yield (MSY) (Groundfish FMP 2004, Clark 1991, 

Mace 1994). If the biomass of a species managed by the PFMC drops below 25% of 

unfished levels, it is declared "overfished." If a species becomes overfished, the 

Magnuson-Stevens Fisheries Conservation and Management Act (MSFCMA) mandates 
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that a rebuilding plan be devised and implemented (MSFCMA Sec 303 (a)(l0)). 

Harvest must be constrained so that overfished stocks have a fifty percent chance of 

rebuilding within 10 years if the biology of the species allows (MSFCMA Sec 304 (e)). 

If the species is slow growing and cannot possibly recover within that time frame, then 

the rebuilding timeline becomes the number of years predicted to rebuild the stock with 

no fishing pressure plus one mean generation time ( defined as the time it takes for a 

female to replace herself in the population) (Groundfish FMP 2004). 

Lingcod Landings and Ex-Vessel Revenue 1994-2004 

2000 .-------------------------------, 

1500 

1000 

500 
---, 

..... ---"' --- - • - -II ·-
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Year 

!~Landings (mt) --- Ex-vessel Revenue ($1000) I 

Figure 1. Landings (in metric tons) and estimated ex-vessel revenue (in thousands of 
dollars) from all commercial gear types in Washington, Oregon, and California for the 
years 1994 through 2004. Data from PacFIN. 

Of the 80+ species managed by the PFMC under the Groundfish Fisheries 

Management Plan (FMP), 8 are currently overfished. These include lingcod and seven 

rockfish: cowcod (Sebastes levis), canary (S. pinniger), darkblotched (S. crameri), 
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Pacific ocean perch (S. alutus), bocaccio (S. paucispinis), widow (S. entomelas) and 

yelloweye (S. ruberrimus). Rockfish (Sebastes spp.) are a group of fish that are known 

to grow slowly and mature over very long time scales (Love 2002), making them 

especially susceptible to overfishing (Lea et al. 1999) (Table 2). Lingcod, in contrast, 

reach maturity relatively quickly (Jagielo 1994, Munk 2001 ). This suggests that long 

lived species are not the only groundfish species susceptible to overexploitation. 

Table 2. Overfished species and their respective age at maturity and maximum age in 
years. 

Species A2e at Maturity Maximum Recorded Age 

Sebastes paucispinis 
Only sizes at maturity have been 

46 
reported 

Sebastes pinniger 7-12 84 

Sebastes levis Only sizes at maturity have been 
55 

reported 
Sebastes crameri 4-8 105 
Sebastes alutus 6-9 100 
Sebastes entomelas 3-8 60 
Sebastes ruberrimus 19-22 118 
Ophiodon elongatus 3-5 25 

Sources: Love et al 2002, Munk 2001 

Lingcod have been overfished since 1999 (Jagielo et al. 2000) and catch quotas 

have been scaled back to allow the stock to recover (figure l)(Groundfish FMP 2004). 

Over the last five years, the population has shown signs of recovery. The target of 

rebuilding to BMsY is expected to be reached by 2009 (Jagielo et al. 2004) 

1.2.1 Fisheries Problems and Solutions 

Considerable concern has been expressed over the health and sustainability of 

fisheries worldwide (Botsford et al. 1997, Pauly et al. 1998, Jackson et al. 2001, Pauly 

et al. 2002) and the situation in the coastal waters of the Northeast Pacific is no 

exception. West Coast groundfish stocks have declined dramatically as a result of 
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overcapitalized fleets and ineffective management based on outdated strategies and 

inadequate scientific information. The U.S. Secretary of Commerce declared the 

groundfish fishery a disaster in 2000 and recently, major actions by the federal 

government have attempted to reduce fishing effort in response to this crisis. These 

management actions included a $46 million trawl vessel and permit buyback to reduce 

fleet size (68 Fed. Reg. 42,613 (July 18, 2003)) and designation of a Rockfish 

Conservation Area (RCA), which prohibits bottom trawl gear between approximately 

50 and 150 fathoms (68 Fed. Reg. 11,182 (March 7, 2003)). Several new approaches to 

management have also been proposed, including rationing the catch within certain 

sectors of the groundfish fishery into individual quotas (Weeks and Berkeley 2000, 69 

Fed. Reg. 29,482 (May 24, 2004)), and developing a network of marine reserves 

(Allison et al. 1998, Pew 2002, Lubchenco 2003). The latter reflects an attempt to 

incorporate the protection of habitat and ecosystem function into fisheries management 

through a spatially-based approach. 

1.2.2 Essential Fish Habitat Management Strategy 

Since reauthorization of the MSFCMA in 1996, spatially-based management has 

been incorporated into federal law through a focus on habitat. This revision, known as 

the Sustainable Fisheries Act (SF A), required each of the regional fisheries councils to 

define EFH or, "those waters and substrate necessary to fish for spawning, breeding, 

feeding or growth to maturity," (16 U.S.C. 1802 §3(10)) for all managed species. 

Furthermore, all fishery management plans (FMPs) were required to, "minimize to the 
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extent practicable adverse effects on such habitat caused by fishing" (16 U.S.C. 1853 

§303(a)(7), 1996). 

Despite the straightforward goals of this law, gathering enough detailed 

information to translate the habitat preferences of individual species into better 

management strategies has been difficult. Much of the data come from fisheries 

landings. While this information is valuable, it can lead to biased views of the status of 

fish stocks and their preferred habitats (Tyler 1993, Jagielo et al. 2003). In many 

circumstances the best information available is simply whether a certain species is 

present or absent in specific habitats. This deficiency of information is often due to the 

inaccessibility of many marine habitats, but it is not limited to areas of the ocean that 

are difficult to sample. Our ability to make informed fisheries management decisions 

suffers from insufficient data even in habitat areas close to shore. 

In 1998 the PFMC amended its FMP for groundfish to include EFH 

(Amendment 11) in accordance with the new law. However, in a civil suit against the 

secretary of commerce (AOC v. Daley, Civil Action No. 99-982 (GK)(D.D.C. 

September 14, 2000)), the court found that the EFH amendments of several councils, 

including the PFMC did not meet requirements of the National Environmental 

Protection Act (NEPA). More thorough analyses were needed in the form of an 

Environmental Impact Statement (EIS) that would not only describe EFH, but also 

consider actions to minimize adverse effects of fishing on EFH. The EFH-EIS for 

Pacific groundfish is expected to be finalized in December 2005 and will identify what 

is known about fish habitats, designate habitat areas of particular concern (HAPC), and 
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address multiple proposals for minimizing the effects of fishing on these habitats. As it 

currently stands, the 1998 EFH Amendment 11 to the Groundfish FMP classifies the 

west coast EEZ into 7 habitat zones: Estuaries, Rocky Shelf, Non-rocky shelf, Canyon, 

Continental Slope/Basin, the Neritic Zone, and the Oceanic Zone. 

In order for EFH to be a useful tool for management, it is critical to define 

habitat at the appropriate scale. If EFH is too narrow in scope, it will fail to provide 

adequate protection for fisheries species and will be logistically difficult to monitor and 

regulate. If EFH is too broad, then we risk unnecessary restrictions to an already 

struggling fishing industry. Some fishes utilize very specific microhabitat niches while 

others are more cosmopolitan. Ideally, habitat definitions will be at a scale which is 

both meaningful on a biological level for protection of fish stocks, and cost-effective for 

management agencies and the fishing industry. 

1.3 Estuaries 

Estuaries are important habitat for a variety of species, including many that are 

commercially and recreationally harvested (McHugh 1967, Clark et al. 1969, Monaco et 

al. 1990, Chambers 1992). On the west coast at least 25 groundfish species use 

estuaries during part or all of their lifecycle (Groundfish EFH-DEIS 2005). 

Pacific coast estuaries differ from estuaries on the Atlantic and Gulf coasts in 

several ways. They generally have much smaller watersheds, and therefore, have less 

freshwater input (Hickey and Banas 2003). The Pacific also has much greater tidal 

fluctuations that move marine waters in and out very rapidly. The combination of these 

factors, often expressed as a flow ratio, leads to greater mixing of saline and fresh water 
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and reduces vertical salinity gradients (Burt and McAlister 1959). On the west coast, 

estuaries are the terminal end of river valleys that have been carved out of the coastal 

mountain ranges. Thus, they are narrower and deeper than their counterparts on the east 

and gulf coasts. Bourke showed that wind generated upwelling along the coast was 

observed within Y aquina Bay, suggesting that estuaries of this type are closely linked to 

nearshore processes (Bourke 1969). Only 15% of the coastline on the west coast is 

estuarine, compared to 85% on the east coast (Emery 1967). The difference described 

above may explain why a greater proportion of commercially important marine fish 

species depend on estuaries during part of their lifecycle on the Atlantic and Gulf 

coasts. However, the relative importance of estuarine habitat to specific Pacific 

groundfish species, such as lingcod, is unknown. 

Most commonly, groundfish species that utilize estuaries do so during the 

juvenile life-stage. Larvae from nearshore spawning grounds enter into bays and 

estuaries through a combination of behavior, such as vertical migrations, and a suite of 

physical processes including wind and tidally driven circulation, (Pearcy and Myers 

1974, Shanks 1983, 1985, Boehlert and Mundy 1987, Boehlert and Mundy 1988, 

Brown et al. 2004). 

Of the various habitat types outlined in Amendment 11 to the Groundfish FMP, 

estuaries are most likely to be affected by human activity. The specific effects of 

fishing gear on habitat may be greater along the shelf where commercial fishing takes 

place, but estuaries are closest to the human population and thus are more susceptible to 

degradation caused by pollution (Landahl et al. 1997), shoreside development, and 
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dredging (Borde et al. 2003, Thom et al. 2003). These activities are magnified by the 

density of people in these areas; half of the U.S. population lives within coastal counties 

(Pew 2002, Huppert et al. 2003). It is possible that small alterations to estuarine 

systems might have disproportionately large consequences for populations of species 

that depend on estuaries during a critical life-stage (Monaco et al. 1990). 

Estuaries are currently considered EFH for all life stages of lingcod (Groundfish 

FMP 2004). However, this is primarily based on information from Puget Sound and 

Hood Canal in Washington and the Strait of Georgia in British Columbia. The best 

information available on the distribution of adult lingcod in Oregon estuaries is a survey 

of experts who qualitatively described their relative abundances (Monaco et al. 1990). 

The presence of adult lingcod was only known in 8 of the 32 selected estuaries. Clearly 

more information is needed on which estuaries lingcod use during different life stages, 

to what extent these estuaries are used, and if possible, to determine the importance of 

these estuaries to the coast-wide population. In addition, more detailed definitions of 

habitat might be needed so that resulting management strategies will adequately balance 

the protection of fish habitat with human uses. 

The goal of this study was to investigate the extent to which adult lingcod utilize 

estuarine habitat within Yaquina Bay, Oregon. This was addressed through two main 

objectives. First, I tracked the movement of individual lingcod captured within the bay 

using acoustic telemetry. Second, I monitored seasonal changes in relative abundance 

in the bay by conducting monthly transects with SCUBA. The results provide a first 

step in improving the quality of information on lingcod within an understudied part of 



their range and will eventually help us move beyond EFH based simply on 

presence/absence type information. 
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2. Movement and Abundance of Lingcod in Y aquina Bay Estuary, Oregon 

2.1 Introduction 

Protecting aquatic habitat is one of the central tenets of the Magnuson-Stevens 

Fisheries Conservation and Management Act (16 U.S.C. 1801, 1996). The most 

fundamental component of habitat protection in the law is describing "essential fish 

habitat" (EFH) for the various life-stages of each species under management. By 

definition, EFH is considered "those waters and substrate necessary to fish for 

spawning, breeding, feeding or growth to maturity," (16 U.S.C. 1802 §3(10), 1996). 

Unfortunately, limited information regarding species life histories and overly broad 

categorizations of habitat types can lead to inaccurate application of EFH protection. 

In the marine waters of Washington, Oregon and California, the Pacific 

Fisheries Management Council (PFMC) and the National Oceanic and Atmospheric 

Administration (NOAA) oversee management of several assemblages of marine and 

anadromous species that are either directly or indirectly captured in fisheries. The most 

diverse of these is the groundfish assemblage, which includes over 80 species 

(Groundfish FMP 2004). Despite decades ofresearch we still lack a solid 

understanding of the life histories of the majority of these species. This deficiency 

often results in generalized definitions of EFH. 

One example of the many species for which EFH was defined using limited 

information is lingcod (Ophiodon elongatus). In general terms, lingcod are known to 

occur in the estuarine-mesobenthal zone from Oto 475 meters deep (Allen and Smith 

1988), primarily distributed between 10 to 100 m (Cass et al. 1990). Lingcod spawn 
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throughout the winter and early spring on hard substrate in areas with swift current. 

Nests are mostly distributed down to 30 min depth but have been observed as deep as 

126 m (Giorgi 1981, O'Connell 1993). Some evidence suggests that lingcod migrate to 

shallow waters to spawn (Wilby 1937, Miller and Geibel 1973, Cass et al. 1990, Jagielo 

1994, Martell et al. 2000). Females are believed to leave the spawning grounds 

immediately after laying the egg mass while males stay and guard against predators 

(Cass et al. 1990). After hatching, larvae are epipelagic for approximately 3 months 

while they grow from 6.5-11.5 mm to 70-80 mm (Phillips and Barraclough 1977). In 

the early summer, the larvae settle on sandy substrate near eelgrass or kelp patches 

(Buckley et al. 1984). During the first and second year (~350 mm and ~480 mm 

resepectively) juvenile lingcod gradually migrate into the complex, rocky habitat more 

typical of adults. Females mature later (between 3-4 yr for males and between 4-5 yr 

for females) and live longer than males. Females also grow faster than males after 

about age 4. 

Most studies of lingcod have taken place in coastal waters along the North 

American continental shelf, or inland marine waters such as Puget Sound, Straits of 

Georgia, and Straits of Juan de Fuca (Ilg et al. 1979, Cass et al. 1990, Jagielo 1994). 

Consequently, lingcod distribution, abundance and basic biology are relatively well 

understood in the marine realm. In contrast, very little research has focused on lingcod 

within estuaries and therefore, the extent to which lingcod use these habitats is not well 

understood. Currently, EFH for lingcod includes estuaries for all life stages. This 

status is primarily based on qualitative spatial and temporal distribution information 



20 

collected in the National Oceanic and Atmospheric Administration's (NOAA) Estuarine 

Living Marine Resources (ELMR) project (Monaco et al. 1990, Emmett et al. 1991 ). 

Local experts answered questionnaires regarding the relative abundances of 47 estuarine 

species in 32 selected estuaries along the west coast. Of the 32 estuaries, juvenile 

lingcod were considered common in only 14 and adults were only common in 5. 

Although the current EFH environmental impact statement (EIS) for groundfish 

groups all bays and estuaries into the same habitat category, in reality, west coast 

estuaries represent a wide range of biophysical characteristics. Puget Sound and Hood 

Canal, relatively large bodies of water with consistently high salinities are considered 

the same as the Siletz and Alsea estuaries of Oregon, small drowned river mouths with 

large fluctuations in salinity and temperature. In Southern California, estuaries receive 

so little river input during most of the year that the dynamic estuarine zone occurs only 

seasonally (NOAA 1985). Clearly, more specific information regarding lingcod and 

estuarine habitat is needed before a meaningful definition of essential fish habitat can be 

produced. 

Y aquina Bay estuary is defined as the confluence of the small Y aquina River 

(long term average daily discharge is 1000 cfs) (Shirzad et al. 1988) from head of tide 

to the tips of the rock jetties that extend seaward approximately one kilometer. It is a 

deep draft port, and is consequently dredged periodically. Tide exchanges are often 

greater than 3 m and create strong flows which lead to high turbidity. The spatial extent 

ofYaquina Bay (13 square kilometers) and its watershed is similar to other small 

Oregon estuaries such as Tillamook Bay, Alsea Bay, Siuslaw Bay, Winchester Bay, and 
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Coos Bay (Shirzad et al. 1988). A notable difference between Y aquina Bay and larger 

estuarine areas in which lingcod have predominantly been studied (such as the Puget 

Sound and the Strait of Georgia), is the direct access to the nearshore oceanic 

environment. 

Larvae and young of the year juvenile lingcod are known to occur in Y aquina 

Bay but are not sampled in great numbers (Petrie 2005, S. Remple, OSU, pers. comm., 

unpublished data). This is probably indicative of relatively low abundances but could 

be due to selective sampling methods. Sub-adult and adult lingcod are also found in the 

bay and contribute to a limited recreational fishery. Anecdotal evidence of lingcod 

nests in Yaquina Bay from divers and fishermen suggests that spawning occurs in this 

area, although this has not been documented in the scientific literature and the extent of 

this spawning effort is unknown. The source of bay lingcod, the interaction between 

them and nearshore populations, and how abundance and distribution change seasonally 

have not been explored. 

Modifications to the shoreline such as rock jetties provide habitat for a mix of 

marine and estuarine species and may attract adult lingcod. However, extreme 

variability in salinity and temperature may degrade the long-term suitability of this 

habitat for strictly marine species. Individuals encountered in these areas could either 

be residents that acclimate to the fluctuating environment, or part-time inhabitants that 

simply utilize the estuary as temporary forage sites. To determine if estuaries are 

important habitat for sub-adult and adult lingcod, we must know the time scales at 

which lingcod use the different zones of the estuary. 
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The goal of this study was to gain a better understanding of lingcod habitat use 

within an estuarine environment. This information will improve our ability to 

determine whether estuaries are accurately considered "essential" to the population. 

The specific questions I addressed were: 1) what are the residence times of sub-adult 

and adult lingcod in the bay? 2) how frequently do lingcod found near the mouth of the 

bay move in to the less saline areas? 3) do coarse scale movement patterns of sub-adult 

and adult lingcod correlate with environmental conditions? 4) are densities of lingcod 

similar in different areas? and 5) does the relative abundance of sub-adult and adult 

lingcod change seasonally? 

To answer these questions I tracked the movements of sub-adult and adult 

lingcod caught in and near Y aquina Bay using acoustic telemetry. I also conducted 

monthly surveys at three sites to monitor changes in relative abundance. The former 

technique allowed a detailed look at the behavior of a few individuals, whereas, the 

latter technique provided information about more general trends in the local population. 

In combination, the results from these two methods paint a more detailed picture of 

lingcod in estuaries and help to move away from EFH definitions based on simple 

presence/absence type information. 
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2.2 Materials and Methods 

2.2.1 Tagging and Tracking 

Lingcod were captured using either hook and line or an underwater snagging 

device operated by divers (Houk 1980). Once on board the vessel, the hook was 

removed and the animal was placed immediately in a foam cradle nested within an ice 

chest containing local ambient sea water. Length was measured to the nearest 

centimeter and then the fish was turned ventral side up for surgery. The fish was held 

securely in the cradle and a wet cloth was placed over the head to reduce movement. 

An incision approximately 16 millimeters long and deep enough to open the peritoneal 

cavity was made forward of the anus and lateral of the midline (figure 2). The tag was 

soaked in betadiene solution, rinsed with distilled water, and then inserted into the 

animal parallel to the main axis of the fish. Two to three sutures with a 4/0 needle and 

non-absorbent nylon thread closed the incision. Finally, an external tag (Floy FD-68B) 

with contact information was attached on the dorsal side (figure 2) and the fish was 

released at the site of capture. 



Figure 2. Location of floy tag placement (orange) and incision area for acoustic tag 
(blue). 
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Lingcod have proven to be resilient to stress and handling (Farrell 1982, Albin 

and Karpov 1998, Davis and Olla 2002, Parker et al. 2003). Albin and Karpov (1998) 

showed that delayed mortality due to hook and line capture was 4.3% (95% confidence 

between 0-9.3%). During surgery, fish were never emersed longer than 5 minutes and 

during release all fish were held at the side of the boat until they swam away on their 

own. Increased risk of predation following surgery may have been a concern, however 

the only potential predators for fish of the size tagged in this experiment were pinnipeds 

and humans. 

Two stationary VR2 hydrophone/receiver/data-loggers (Vemco, Nova Scotia, 

Canada) were moored along the jetties near the mouth ofYaquina Bay, Oregon (figure 

3). The VR2 hydrophone has a range of approximately 400m, which allowed one 

hydrophone to listen across the entire width of the channel. The listening posts were 

separated by greater than one kilometer, which avoided range overlap and allowed us to 

determine whether a tagged animal was moving into or out of the bay. The specific 

location for each hydrophone was chosen by considering channel width, depth, US 
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Coast Guard regulations, and where lingcod had previously been observed. The 

receivers were recovered periodically by divers, and connected to a computer to upload 

the data. 

The hydrophone at the north jetty location was active from 11 September 2003 

to 2 April 2004 and from 30 May 2004 to 13 May 2005. The hydrophone at the Fingers 

location was active from 12 September 2003 to 2 April 2004 and from 17 May 2004 to 

4 November 2004. On 5 November 2004, the hydrophone was re-deployed 

approximately 600 meters away at a new location under the north side of the bridge 

where it would be within range of several fish that had been tagged in that area. In its 

original location it detected neither tags released upstream nor downstream. This null 

data was useful: it showed that no fish had passed in either direction. However, the 

hydrophone was moved so it could both monitor an area where fish were released, and 

at the same time remain a sentry for fish moving into the bay. The only negative aspect 

of repositioning the hydrophone was that the gap between hydrophones was increased, 

thereby allowing a larger area in which tag location could not be discerned. These dates 

correspond to times when tagged fish were in the water. 
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Figure 3. Yaquina Bay Estuary, Oregon. 1-North jetty receiver station and transect 
site; 2-Fingers receiver station; 3-Bridge receiver station and transect site; 4-Oregon 
State University Hatfield Marine Science Center Pumphouse; 5-Seawall transect site. 

Tags were programmed to emit a uniquely coded signal at a random interval 

between 30 and 90 seconds. Since signals often go undetected, even within range of the 

receiver, there can be gaps in the record that do not necessarily indicate absence 

(appendix A). Because of this problem, I interpreted the data in four ways. First, I 

calculated the duration of time between each detection for each tag to assess the length 

and frequency of forays away from the area. Short time gaps were very common and 

likely due to technological limitations. Therefore, any time the tag was not detected for 

less than one hour was not considered a foray. Secondly, I tallied the number of times 

each tag was detected on a daily basis. The third method assigned a binary 

presence/absence value for each day in a tag's history. Using the criteria described by 
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Starr and colleagues (2004), on any day (00:00:00 to 23:59:59) that a tag was detected 

more than once, it was considered present. If the tag was detected once or less, it was 

considered absent for that day (Starr et al. 2004). Finally, presence or absence was 

assigned to each tag on shorter time intervals, including hourly and quarter-hourly. 

Tags were considered present if they were detected at least once during the specified 

time period, otherwise it was considered absent. 

These four methods of compiling tag data were necessary for performing 

different types of analyses. The durations of forays were only calculated for fish that 

were caught and released within detection range of one of the hydrophone stations since 

it was not possible to assess foray times for fish tagged in unmonitored areas. These 

data were examined for evidence of periodicity, and to assess which length of foray was 

most common. Detections per day were used to calculate correlation coefficients 

between tags that overlapped in space and time. These values were transformed into 

ranks to calculate Kendall's coefficient of rank correlation (Sokal and Rohlf 1995) 

which helped ascertain whether fish in the same area behaved similarly. Daily presence 

or absence values resulted in a conservative assessment of whether tagged lingcod had 

truly left the area or not. These binary data were used to determine residence times, the 

percentage of days spent in and out of detection range, consecutive days present and 

absent, and other long term trends of the tagged fish. Presence and absence on hourly 

or quarter-hourly intervals resulted in a less conservative interpretation of lingcod 

movement but was necessary for intra-day comparisons of lingcod responses to 

environmental cues such as tide, temperature and salinity. 
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Water temperature and salinity at the Oregon State University Hatfield Marine 

Science Center pumphouse (figure 3) are recorded every 15 minutes. I acquired these 

data for the period of September 2003 through September 2004. For every quarter-hour 

the presence or absence of a tag was compared with temperature and salinity 

measurements from the HMSC pumphouse. The temperatures and salinities when a 

fish was present were then treated as subsets, and their distributions were compared to 

the distributions of all temperatures and salinities measured over the course of the entire 

month. Dissimilarities between the distributions were expected to indicate a preference 

by lingcod for certain temperature and salinity conditions. 

This approach is admittedly crude for several reasons. First, temperature and 

salinity were not measured at the same location as the fish. While temperature and 

salinity conditions measured at the pumphouse were likely representative of those at the 

jetty due to sufficient mixing in Yaquina Bay (Burt and McAlister 1959), there was 

likely some time lag between the peaks of these values based on tide flow. Second, 

sampling periods were not independent. Preliminary analysis showed that the records 

of each tag were autocorrelated over various time lags. This meant that statistical tools 

such as logistic regression were not available. Third, the necessity of using short time 

periods greatly increased the risk of falsely attributing absences due to the technological 

problems mentioned above. The availability of more sophisticated statistical methods 

would not necessarily improve the precision of the analysis. These difficulties 

ultimately led to the simple graphical interpretation described above. 
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2.2.2 Surveys 

The relative abundance of lingcod within Y aquina Bay was monitored on a 

monthly basis using SCUBA. Three sites were sampled from July 2004 to March 2005 

(figure 3). Each survey was performed by two divers following a transect strip. 

Visibility was measured at the beginning of each dive by pulling a metered cord taut 

between the two divers, and having the divers separate until they could no longer see 

each other. From that point, divers swam parallel tracks, keeping the other diver on the 

fringe of visibility (figure 4). Each diver kept a separate count of lingcod and both 

counts were recorded at the end of the dive. It was assumed that lingcod were not 

counted twice and that lingcod behavior in response to divers was consistent under 

different visibility conditions. The exact distance and area surveyed were difficult to 

measure on each dive, since transects often took a meandering path due to the difficulty 

of navigating under conditions of low visibility. Therefore, two estimates of distance 

traveled were considered. First, a straight line the distance of each planned transect was 

measured with a Global Positioning Satellite (GPS) unit onboard the boat. 

Alternatively, time was used as a proxy for distance. Ultimately, the amount of time 

spent on each dive more accurately represented the effort involved and therefore the 

following calculations use length in units of minutes. All transect dives were done 

within 30 minutes of high slack water. 

The density of lingcod was calculated as 

(total number observed)/ (area surveyed), 
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with area being the product of the swath width and the length of the transect. Visibility 

was a major concern for comparing results between sampling events because it was 

highly variable. To account for different visibilities, the swath width was considered 

the range of visibility on either side of the two divers and was calculated as 

3*visibility, 

which accounts for the area observed when two divers are spread apart until they can 

barely see one another (figure 4). The calculation resulted in a relative catch per unit of 

effort index with units in "lingcod per meter minute." I used a two-way analysis of 

variance (ANOV A) without replication (Ramsey and Schafer 2002) to test the null 

hypothesis that no differences in relative abundance occurred either between sites or 

between dates. 
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Figure 4. Strip transect method. Two divers swim parallel tracks separated according 
to visibility conditions (V). Swath width is then 3*V and the length of the transect is 
recorded in units of time (minutes). 

2.3 Results 

Between 30 September 2003 and 28 October 2004 12 lingcod were tagged and 

released (table 3). Ten were captured in the marine dominated waters ofYaquina Bay 

between the Highway 101 bridge and the end of the jetties (figure 3) and 2 were 

captured outside of the bay. Of these two, one was captured and released less than 50 m 

from the end of the north jetty, and one was captured approximately 2 km from the end 

of the jetties but released in the bay along the second finger jetty (figure 5). Fish 

lengths ranged from 42 to 77 cm with an average of 58 cm (S.D. = 10.1 cm). Tags were 
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active for different lengths of time based on battery life and fishing mortality with fish 

remaining at large from 47 to 275 days. 

Three of the nine fish marked with external tags were recaptured and reported 

by fishermen. The first was recaptured 47 days after being tagged on 28 Aug 2004. 

The second and third had both been tagged on 28 Oct 2004, and were recaptured on 16 

and 23 Jan 2005, 81 and 88 days later respectively. According to descriptions given by 

the anglers, all three were recaptured within 100 meters of where they had been 

released. 

Table 3. Results of lingcod tagging. Tag numbers, length, location and date of capture, 
and estimated date that tag ended. Date ended was estimated by either ( +) expected end 
of battery life,(-) caught and reported by angler,(*) last detection beyond the 
anticipated battery life, or last detection before most recent upload. Tags 3085, 3089 
and 3087b were tagged at the bridge before hydrophone was relocated, therefore Days 
at Bridge were likely greater than reported here. 

Tag 
Days Days 

Length Date Date Total at at 
ID# (cm) Location Tagged Ended Days Jetty Bridge 
3084 46 N. Jetty tip 9/30/2003 3/30/2004 + 180 1 0 
3073 53 N.Jetty 10/3/2003 4/2/2004 * 183 130 0 
3081 56 N.Jetty 12/4/2003 3/21/2004 * 105 51 0 
4093 69 N.Jetty 7/12/2004 10/4/2004 * 85 77 0 
3087a 69 N.Jetty 7/15/2004 8/28/2004 - 47 47 0 
3085 42 Bridge 7/21/2004 1/21/2005 + 180 3 3 
3086 51 S.Yaq.reef 8/11/2004 2/11/2004 + 180 1 1 
3088 61 N.Jetty 8/12/2004 5/13/2004 * 275 239 0 
3082 52 N.Jetty 10/2/2004 4/2/2005 + 180 64 0 

3087b 59 Bridge 10/17/2004 5/13/2005 * 209 2 128 
3089 61 Bridge 10/28/2004 1/23/2005 - 88 0 79 
3080 77 S.Jetty 10/28/2004 1/16/2005 - 81 4 0 

Tagged lingcod exhibited high site fidelity. All six of the lingcod caught and 

released in the vicinity of the north jetty station and two out of three fish caught and 

released within the range of the bridge station were detected regularly over the life of 



33 

the tag. The two lingcod captured from outside the bay were detected only on rare 

instances by the hydrophone at the north jetty station. One fish caught and released 

between the two stations was heard on only 11 of 81 days at the north jetty station (no 

more than 5 hits each day) and never at the bridge station indicating very little 

movement in either direction. One of the fish caught in the nearshore was released in 

the bay near the Fingers station (figure 3). Within six hours it had moved beyond the 

north jetty and back out to sea. Un-manipulated movement between the two stations 

was documented for only two fish. Both spent the majority of their time near the bridge 

where they had been tagged, but were detected for brief periods (less than 24 hours) at 

the north jetty. Fish tagged along the jetties and beyond were never detected at the 

bridge station. 

2003 Oct 03 
2003 Dec 04 
2004 Jul 12 
2004 Jul 15 
2004 Aug 12 
2004 Oct 02 

2003 Sep 30 
2004 Aug 13 

Hydrophone 
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2.3.1 Foray length 

Lingcod tagged near hydrophone locations exhibited frequent movement beyond 

the range of the hydrophone. The frequency and duration of these forays varied 

between fish but some general patterns were evident (figure 6). Forays were typically 

short (between 1 and 6 hours) with longer forays occurring with decreasing frequency. 

The longest time interval between detections was 39 days 4 hours 24 minutes, however, 

this was an exception. On average, only 9.2% of a fish's forays were longer than 24 

hours and only 2.2% were longer than 72 hours. The distribution of extended forays 

over time showed no evidence of periodicity between or within individual records. 

2.3.2 Daily presence/absence 

A binary indication of presence or absence at a daily scale was used to describe 

the proportion of time spent within an area and residence times. On average, six fish 

tagged within the vicinity of the north jetty station were detected on 74.5% of the total 

days at large. For individual fish this proportion ranged between 48.6% and 100%). 

The most consecutive days present was 57 days and the most consecutive days absent 

was 9 days. Two tagged fish at the bridge station were detected on 74.2% and 98.8% of 

the possible days. The most consecutive days a fish was detected at the bridge was 65 

days. The most consecutive days absent from the bridge was 39 days. Although great 

variability was evident between individuals (see appendix B), on average, tagged fish 

stayed within their presumed home range for 15.6 days and were absent for 2.3 days at a 

time. 
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Figure 6. Duration of tag absences grouped into bins of: 1-6, 6-12, 12-24, 24-48, 48-72, 
and >72 hours for eight fish tagged near one of the stations. Total days at large for each 
fish are shown in table 4. 

2.3.3 Detections per day 

The number of detections received per day varied greatly, both within the 

individual record for each tag and between tags (figure 7). This variability is related to 

the proximity of the fish to the hydrophones, however benthic structure, pycnoclines, 

and other unpredictable factors, such as ambient noise from weather or tide flow 

confound this relationship. For this reason distance cannot be reliably estimated 

(appendix A). Nonetheless, assuming signal loss due to fine scale positioning of each 

animal at any given moment averages out over the course of one day, then the number 

of detections accumulated daily can be useful for determining relative proximity to the 
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hydrophone. Environmental conditions within the detection radius of each hydrophone 

are assumed to be universal, so any signal loss due to noise is the same for each tag. 

Strong correlation of hits per day would indicate either that environmental conditions 

played a significant role in detectability or that tagged lingcod respond similarly to 

environmental cues. Substantial negative correlation, where tags were never in the 

same area at the same time, might indicate territorial behavior. 
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Figure 7: Distribution of the number of detections per day for fish released near one of 
the two receivers using a square root transform. Median is represented by a red circle, 
box limits indicate quartile ranges, whiskers denote (1.5*interquartile range) and black 
dots show outlier points. Records of 3073, 3081, 3082, 3087a, 3088, and 4093 were 
from the north jetty station. 3087b and 3089 were from the bridge station. Detections 
were expected to be higher from 4093 since it transmitted on fixed 10s intervals. All 
other tags transmitted at random intervals between 30 and 90s. 
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Four of the six pairs of tags that overlapped in space and time showed weak but 

statistically significant correlation in the number of detections recorded per day (table 

4). Using Kendall's coefficient ofrank correlation test (Sokal and Rohlf 1995), r values 

ranged from 0.01 to 0.55. The highest degree of correlation was between 3082 and 

3088 which also had the longest overlapping time series (129 days). No significant 

negative correlations were found that would indicate territoriality. 

Table 4. Correlation coefficients for six pairs of tags using the Kendall correlation of 
rank coefficient method. (*)and(**) represent correlation significant to the p=0.05 and 
p=0.01 level respectively. 

Correlation 
Coefficients: Kendall 
Tag 1 Tag 2 #days rank(h.p.d.) 

3073 3081 117 0.38 ** 

3087a 4093 47 0.01 
3088 4093 54 0.32 ** 

3087a 3088 19 0.20 
3082 3088 129 0.55 ** 

3087b 3089 80 0.43 ** 

2.3.4 Y aquina Bay Temperature and Salinity 

Monthly averaged water temperature remained relatively constant seasonally 

( ~ 10°C in the winter and~ 13°C in the summer). Monthly averaged salinity was more 

seasonally variable, with a lower average during the winter (~23 ppt in the winter and 

~30 ppt in the summer) due to higher amounts of precipitation and consequent river 

input. Greater variability in both water temperature and salinity occurred on a daily 

basis due to tide levels. Because of calibration problems with the sensors during the 

spring months, only January 2004 and August 2004 were used for analysis. In January, 
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two tags were in the vicinity of the north jetty station. Temperature was relatively 

consistent and salinity was highly variable (figure 8). Although the tagged lingcod 

appeared to move frequently during this month, the subsets of temperature and salinity 

recorded when the two tags were present did not appear different from the temperature 

and salinity profiles for the rest of the month (figure 9). In August, temperature 

fluctuated greatly but salinity did not (figure 10). Once again the distribution of 

temperature and salinity values when tags were present in August was not different 

from distributions for the rest of the month (figure 11). 
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Figure 8. Tag detections, temperature and salinity for January 2004 in Yaquina Bay, 
Oregon. Tags 3081, and 3073 were detected at the north jetty. Temperature (navy) and 
salinity (magenta) were measured at the HSMC pumphouse dock. 
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Figure 9. Temperature (A) and salinity (B) frequency distributions from Yaquina Bay, 
Oregon, for the month of January 2004. Month represents the all data from that month, 
3073 and 3081 represent subsets of the monthly data for when respective tags were 
present. 
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Figure 10. Tag detections, temperature and salinity for August 2004 in Yaquina Bay, 
Oregon. Tags 3087a, 3088, and 4093 were detected at the north jetty. Temperature 
(navy) and salinity (magenta) were measured at the HSMC pumphouse dock. 
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Figure 11. Temperature (A) and salinity (B) frequency distributions from Yaquina Bay, 
Oregon, for the month of August 2004. Month represents the all data from that month, 
3087a, 3088 and 4093 represent subsets of the monthly data for when respective tags 
were present. 
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2.3.5 Surveys 

Lingcod abundances showed trends between sites and over time. The straight 

counts and calculated density both exhibited general agreement in the trends observed 

(table 5). On average, both counts and densities were highest at the bridge site (4.25 

lingcod; 4. lxl0- 2 m-1*min-1
) and lowest at the Seawall site (0.5 lingcod; l.3x10-2 m-

1*min-1
) (table 5). Overall lingcod counts decreased from July to February, although 

this trend was not consistent for each site (figure 12). Visibility during the surveys 

ranged from 1.0 to 6.7 meters. No surveys were done in December. 

At the north jetty site, lingcod counts averaged 2.86 fish per transect and 

densities averaged 2.49x10-2 m-1*min-1
. Counts and densities were highest in July 2004 

and gradually declined during the fall and winter. This site was closest to the nearshore 

and was characterized by stacks of large boulders (~2 meter diameter) bordered by 

sand. The transect at the north jetty represented a sample of a larger habitat area, 

whereas the other two transects covered most of the available habitat in their areas. 

The bridge site averaged a count of 4.25 fish per transect and a density of 

4. lOxl0-2 m-1*min-1
. Peak counts occurred in August although the calculated density 

was highest in July and September. This site was characterized by cobble and sand 

substrate with large submerged structural components including the concrete foundation 

for the bridge, piles ofl-beams, and the sunken hull of a small skiff. 



Table 5. Dates of SCUBA surveys and results from three sites: north jetty, bridge, and seawall. Visibility, in meters, as measured 
between two divers, the combined count of lingcod seen during the dive, and the density of lingcod on each dive calculated as 
either lingcod per square meter, or per meter*minute 

Date Site 

North Jetty Bridge Seawall 

Visibilit~ Count Densih'. Visibilit~ Count Densit~ Visibilit~ Count Densit~ 

(per minute) (per minute) (per minute) 

7/19/2004 1.8 7 0.1054 1.8 7 0.0888 1.5 1 0.0258 

8/16/2004 6.1 4 0.0146 6.1 9 0.0378 2.4 0 0 

9/16/2004 1.8 3 0.0253 1.8 6 0.1195 1.5 0 0 

10/14/2004 2.4 1 0.0059 3.4 4 0.0280 2.1 2 0.0481 

11/29/2004 3.4 1 0.0057 3 7 0.0425 2.1 0 0 

1/11/2005 6.7 4 0.0176 5.2 0 0 2.4 1 0.0198 

2/11/2005 1.1 0 0 2.1 0 0 1.8 0 0 

3/16/2005 1.2 0 0 1.8 1 0.0114 1.0 0 0 

Average: 2.5 0.0249 4.25 0.040996 0.5 0.013397 
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Observing lingcod at the Seawall site was rare. The average count was only 

0.57 lingcod per transect and average density was 1.34x10-2 m-1*min-1. The peak in 

both count and density occurred in October. The Seawall site was a small area on the 

end of a concrete wall that separated a marina from the rest of the bay. The transect 

covered a pile of mid-sized boulders ( ~0.5 meters in diameter), sand and shell flats and 

an eel grass bed. The only lingcod nest encountered during this study was at the 

Seawall site in January. It was located on top of the mid-size boulders approximately 

1.5 to 2 meters below high tide level. Being so shallow, it is dubious that the nest 

would have remained submerged during a minus tide. A lingcod, presumably male, was 

guarding the nest. 
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Figure 12. Lingcod sightings per meter*minute at three sites in Yaquina Bay, Oregon 
from July 2004 to March 2005. Catch per unit effort (CPUE) is defined as the number 
oflingcod seen divided by the product of the time (in minutes) and 3*visibility. 
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I found moderate evidence that relative abundance was different over time 

(F=2.335, p=0.08), but that differences between sites were not significant (F=2.268, 

p=0.14) (table 6). For comparison, I repeated the ANOVA using relative abundance 

calculated in units of m-2 . This method produced more convincing evidence for 

differences between months (F=3.034, p=.04) but was similar between sites (F=2.261, 

p=0.14). 

On 9 Nov 2003, both the north and south jetties ofYaquina Bay were surveyed. 

Visibility was exceptional ( ~8 m) and 15 and 11 lingcod were counted on the north and 

south jetties, respectively. At the north jetty, this is over twice the total number seen 

during any of the dives during 2004. After accounting for visibility and the length of 

the dives however, the densities (l.5x10- 2 m-1*min-1 at the north jetty and l.2x10-2 m-

1*min-1 at the south jetty) were in a range more common to the other dives. 

Table 6. Two-way anova without replication for determining differences between sites 
or between sampling dates. 

Source of Sum of Mean 
Variation Squares d.f. Square F p 

Dates 0.01275 7 0.001822 2.335 0.0838 
Sites 0.00354 2 0.01769 2.268 0.1402 
Residual 0.01092 14 0.0007800 

Total 0.02721 23 

2.4 Discussion 

Bay lingcod appeared to be resident to the bay, and not transient individuals 

from the nearshore. Lingcod tagged in the bay primarily remained within a limited 

home range, but regularly took forays beyond the range of the hydrophones. Prior 
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studies have estimated lingcod movement rates on the order of 0.5 to 1.5 kilometers per 

day or up to 5 meters per minute (Smith et al. 1990, Yamanaka and Richards 1993). 

Based on these rates and the common durations of absences that I observed, I speculate 

that home ranges are on the order of one kilometer in diameter or less. In the unlikely 

event that these rates are sustained in a consistent direction, multi-day forays could be 

on the order of several kilometers. The frequency and duration of time spent inside and 

outside of hydrophone range was similar to those reported for lingcod in a marine 

reserve (Starr et al. 2004). 

The only documented direction of lingcod movement was toward the ocean. 

None of the nine fish tagged along the jetties and in the nearshore moved in past the 

bridge (figure 3) and two of the three fish tagged at the bridge were detected briefly at 

the jetty. Sub-adult and adult lingcod have occasionally been observed in the estuarine 

mixing zone (T. Thompson, fisherman, pers. comm.) and it is possible that movement 

from the bridge into the estuary occurred without being detected. For example, tag 

3087b was absent from the bridge station for 10 days. During this time it was not 

detected at the north jetty station. While this fish may have spent this time between 

stations, it is also possible that it moved up into the estuary. Two months later this 

same fish left the bridge station for 39 days but detection at the beginning and end of 

this foray at the jetty indicated that it spent this time in the nearshore. 

Extensive absences indicating movement away from the hydrophone area did 

not occur with regular periodicity. Therefore, this movement is unlikely to have been 

solely in response to tidal, diel or lunar cycles. Nor did shorter term absences correlate 
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with specific temperature and salinity conditions in the bay. Moderate correlations in 

detections per day were probably due to environmental conditions that affected 

detection rates rather than coordinated fish movements (see appendix A). 

My tag results support several hypotheses of lingcod movement and behavior. 

Prior studies have hypothesized that younger lingcod are more mobile (Miller and 

Geibel 1973, Yamanaka and Richards 1993). Of the 8 fish that spent significant 

amounts of time near one of the two stations, there is evidence that smaller fish spent a 

higher proportion of days away from the area (figure 13). The smallest fish tagged in 

this study (42 cm), captured at the bridge in July, left the bay in late September. 

Lingcod are also known to return to their original territory if displaced (Matthews 1992, 

Yamanaka and Richards 1993). This homing ability likely explains the behavior of the 

fish that had been captured in the nearshore and released in the bay. It left the bay 

within six hours of release. 
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Figure 13. Proportion of total days spent within detection range according to fish 
length. The null hypothesis that the slope of the fitted line equals zero was rejected 
(p=0.0167). R2=0.64. 
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2.4.1 Sources and Sinks 

If the Yaquina Bay lingcod population is assumed to be essentially in 

equilibrium over the long term, then the rate of immigration must equal the rate of 

emigration. Lingcod over 40 centimeters long leave the bay occasionally through 

migration or as a result of being captured in the recreational fishery. Sources to the bay 

population may include lingcod from the nearshore that enter as adults, larvae that 

advect in from nearshore spawning grounds then grow to larger sizes, or individuals 

derived locally from spawning activity in the bay. Lingcod larvae and young-of-the

year are well documented within the mixing zone of the estuary, but their origins have 

not been studied (Pearcy and Myers 1974). To determine the proportion of bay lingcod 

that originated locally as opposed to from the nearshore, or more importantly, the 

proportion of the nearshore population that originated from estuaries, will require new 

techniques and further study. Intrinsic markers of a fish's history such as genetic 

information and otolith microchemical signatures are two tools that have the potential to 

answer these types of questions. 

I observed evidence oflingcod spawning within Yaquina Bay, but the extent of 

this spawning effort could not be quantified. Densities in the bay were lowest during 

spawning season suggesting that nearshore fish do not migrate to this area to spawn. 

Although the statistical significance of the change in average density over time was 

marginal, this trend probably indicated a real phenomenon since 1) the recreational 

fishery from 1 September 2004 to 31 December 2004 was closed, and 2) lingcod are 

known to become territorial prior to nesting, making them more conspicuous to divers. 
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Migration into the bay after 1 January 2005 could have been masked by fishing 

mortality. It is also possible that we missed nests in December. Eggs incubate for five 

to eleven weeks (Cass et al. 1990) and the longest interval between surveys was six 

weeks. However, it is unlikely that all spawning effort occurred during this window 

since this effort is generally distributed over several months (Jewell 1968, Low and 

Beamish 1978, LaRiviere et al. 1981, Cass et al. 1990). 

Two fish tagged in late October and recaptured in January were gravid females. 

The ovaries from one of these females were returned to me, and I estimated that they 

contained on the order of 5x104 eggs. Based on an established length/weight 

relationship (Jagielo 1994) the 61 cm fish should have weighed~ 2.0 kg. Females 

produce approximately 26 eggs per gram of body weight (Cass et al. 1990), so this 

estimate falls within the expected range. 

2.4.2 Historical and Evolutionary Context 

Historical evidence of the importance of estuaries for lingcod spawning is 

lacking. Nests are known to occur at depths and on substrates similar to that which 

exist in Yaquina Bay (LaRiviere et al. 1981). Strong currents are also known to be 

important to nest site selection (Giorgi 1981, Cass et al. 1990). Appelbaum and co

workers found that survival of newly hatched larvae was improved in less saline waters 

(20 ppt vs. 30 ppt) (Appelbaum et al. 1995). All of these factors indicate that mouths of 

estuaries would be ideal spawning habitat. Yet surveys off the west coast of Vancouver 

Island found lingcod nest densities in bays and channels much less than on the open 

coast(< 1 nest per 104m2 vs. 12 per 104m2
) (Cass et al. 1990). While speculative, Cass 
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and co-workers mention anecdotal evidence of lingcod spawning more commonly in 

shallow water habitats and estuaries during times of higher overall abundances (i.e. in 

the Strait of Georgia in the 1920's) (Cass et al. 1990). Interestingly, archaeological 

sites in California estuaries have shown that lingcod were a significant part of 

prehistoric Native American fisheries (Gobalet and Jones 1995). 

On the Oregon coast, the circulation of surface waters is primarily wind driven. 

During the winter months, when lingcod larvae are present, south winds normally create 

a downwelling regime that transports these larvae toward shore (Purdy 1990). 

Anomalous periods of north winds can reverse this pattern and cause upwelling, which 

transports larvae away from shore where they are less likely to find suitable habitat on 

which to settle. Perhaps spawning effort in estuaries is relatively more successful in 

years of anomalous weather patterns. 

2.4.3 Methodological Limitations 

Multiple interpretations of tag data resulted in a spectrum of movement 

information ranging from broad scale and robust on one end to fine scale and error 

prone on the other end. False positive detections are unlikely (Starr et al. 2000), 

however when a tag is not detected, several possible explanations exist. Any gap of less 

than 90 s is not indicative of absence due to the programmed delay. Depending on the 

number of tags in the area, code collision can result in periods of several minutes where 

tags that are present are not detected. Also, because lingcod are demersal and associate 

with high relief structure, they often lie in and among objects that can block 

transmission of the signal to the receiver. Apparent absences on the order of hours 
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could be explained by the fine scale positioning of the fish within high relief 

microhabitat. Finally, high levels of ambient noise can cause the effective radius of 

detection to shrink (appendix A), resulting in apparent absence despite the fish being 

relatively close by. Sources of noise include weather and tidal flow which can last from 

hours up to several days. 

Ideally a probability framework could be developed to model the effects of 

weather on the radius of detection. Then tag data could be filtered in a way that 

accounted for variable detection probability and reduced the likelihood of inaccurately 

concluding that a fish was absent when no signals were detected. Such a model would 

require a quantitative understanding of how multiple variables determine ambient noise 

level. It would also require reliable, fine temporal scale measurement of these 

variables. Attempts to model the relationship between weather and tag detectability in 

this study area had mixed success and are described in appendix A. The result of a 

successful model would be a probability density function describing the likelihood of 

detecting a tag at any given distance while accounting for the fluctuations in noise as 

estimated by weather indicators. 

Although I did not evaluate post-tagging mortality directly, the recapture of 

three tagged fish in this study, after several weeks at large, suggests that lingcod survive 

and behave normally following implantation of telemetry tags. Other lingcod telemetry 

studies have reported similar success (Matthews 1992, Yamanaka and Richards 1993, 

Starr et al. 2004). 
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Site surveys were subject to variability in physical conditions, such as visibility, 

and perhaps in lingcod behavior. Therefore, estimates of relative abundance could be 

subject to bias in both the count and the effort part of the calculation. All reasonable 

attempts for repeatability were made, however, inherent variability in the sampling 

conditions coupled with the low counts of lingcod seen at each site, could 

disproportionately effect the density estimates. 

Fluctuations in temperature and salinity are driven mainly by tidal mixing and 

river input and can vary substantially over short distances within an estuarine setting. 

However, preliminary measurements of these variables at several sites and depths 

around Y aquina Bay showed that the study region is generally well mixed. Therefore, 

the assumption that temperatures and salinities measured at the pumphouse represent 

conditions experienced by tagged fish in different locations is justified. The largest 

discrepancy between these sites is a time-lag based on the propagation of the tidal wave 

throughout the estuary. Because of several inherent problems with both tag data and 

temperature and salinity data the simple graphical approach allowed a first look at the 

2.5 Conclusion 

Sub-adult and adult lingcod exhibited high site fidelity and long-term residency 

in the marine zone of the Yaquina Bay estuary. Interaction with populations in the 

nearshore appeared to be very limited. Movement was aperiodic and did not appear 

correlated with expected environmental variables. The only movement documented 

between hydrophone stations was toward the ocean, not up into the less saline parts of 

the estuary. The relative abundance of lingcod in Y aquina Bay fluctuated over time 
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with a declining trend from summer to winter. After accounting for patch size and 

sampling efficiency no significant differences in abundance were observed between 

sites. Lingcod of all life stages utilize parts of the Yaquina Bay estuary but the source 

of these individuals is not known. 

The patterns of habitat utilization that I observed within Yaquina Bay are likely 

similar to other estuaries that have comparable physical characteristics. Further 

research should investigate the distribution of lingcod in estuaries along the west coast 

and determine the proportion of the total population that resides within them. Genetic 

and otolith micro-chemistry techniques might be tools for accomplishing these 

objectives. Estuaries are currently considered EFH for lingcod, but this represents an 

extremely precautionary approach. In comparison to the total geographic extent of 

lingcod habitat on the continental shelf, estuaries represent a very small proportion. 

However, this type of habitat is unique and may have value disproportional to its 

relative size. The known susceptibility of lingcod to overfishing and the concentrated 

effects of human development in estuaries should provide impetus for further 

exploration of the importance of estuaries to the coastwide lingcod population. 
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3. Management Implications 

Essential Fish Habitat (EFH) definitions for Pacific groundfish and strategies to 

minimize the adverse effects of fishing to these habitats should address the issue of 

scale and strike an appropriate balance between microhabitat information and broadly 

defined habitat categories. In the current framework, the applicability of detailed 

species information is limited by the coarse scale categorizations of habitat types along 

the west coast. Disconnect between scales can lead to inaccurate conclusions about 

habitat and whether or not it is essential as defined in the Magnuson-Stevens Fisheries 

Conservation and Management Act (MSFCMA). As an example, estuaries are 

considered one of seven main habitat types. However, substantial diversity of habitat 

characteristics can be found within them. Estuaries by nature are dynamic systems that 

contain a plethora of unique habitat niches. Biological communities can be very 

different in response to gradations of water temperature, salinity, nutrients, depth, and 

other factors. But, because estuaries are grouped together, extensive inland marine 

waters of Puget Sound are considered comparable to small, undeveloped, river mouth 

estuaries such as those found on many Oregon rivers. 

Lingcod ( Ophiodon elongatus) are primarily a marine fish but they are also 

known to occur in certain estuaries. Because most studies have taken place in marine 

waters, the extent of our knowledge about estuarine habitat use is limited to basic 

presence/absence information. My study attempted to piece together more detailed 

information regarding lingcod in this understudied part of their range. Fine scale 

temporal resolution of movement over several months revealed that adult lingcod 
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exhibit long term residency at the mouth of the bay but are highly unlikely to use the 

mixed zone of the estuary. Further observations of bay lingcod showed that spawning 

occurred within the estuary but that overall abundances declined during the winter 

spawning season. Even with this new information it is difficult to determine whether 

estuaries are "essential" for lingcod. 

Several key questions still remain. What is the source of adult lingcod found in 

the Yaquina estuary? How do growth and mortality rates of lingcod in estuaries 

compare with lingcod in the nearshore? Do fluctuations in climate affect the relative 

importance of estuaries to coast-wide lingcod populations? What proportion of the 

lingcod population is affiliated with estuaries? Given that lingcod show an affinity for 

high-relief structure, which in estuaries is usually created by humans, what is the 

historical precedence for this species in estuaries? In essence, the main question is, how 

essential are estuaries to lingcod populations? Until these questions are answered, we 

are forced to assume that the mere presence of this species makes estuaries important, 

possibly even essential, in some way. 

The primary source for presence/absence information on lingcod in estuaries 

was compiled during NOAA's Estuarine Living Marine Resources (ELMR) program 

(Monaco et al. 1990). This report focused on the relative abundances of 47 fish and 

invertebrate species in 32 west coast estuaries based on literature reviews and advice 

from local experts. Abundance was described either as highly abundant, abundant, 

common, or rare. Spawning lingcod and eggs were known to be common in only 4 of 

32 estuaries. Larval lingcod were common in 9 estuaries, juveniles were common in 14 
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and rare in 8, and adults were common in 5 and rare in 3 estuaries. This assessment of 

the extent of lingcod in estuaries was hardly definitive but has become the main 

reference for defining estuaries as EFH for lingcod. 

Comparing ELMR results with hydrographic information compiled in the 

National Estuarine Inventory (NEI) project (Shirzad et al. 1988) and the presence of 

jetties at the mouth of these estuaries illustrates the discrepancies between estuaries that 

are used by lingcod and those that are not (table 7). Flow ratio describes the proportion 

of the volume of freshwater entering a coastal system during a tidal cycle to the volume 

of the tidal prism. For example, riverine dominated estuaries have high flow ratios and 

marine dominated estuaries have low flow ratios. Stratification refers qualitatively to 

the strength of vertical haloclines during periods of high and low flow. Jetties can act 

as artificial reefs that extend toward the nearshore and may be a factor in determining 

habitat suitability. Further development of the shoreline within the larger bays and 

estuaries also provides habitat for adult lingcod. Finally, latitudinal effects may underly 

the relationship between lingcod and estuaries. 

I explored the ability of some of the characteristics discussed above to predict 

the presence or absence of adult lingcod in estuaries using a logistic regression model. 

Each estuary was described with three explanatory variables: a logarithmic 

transformation of the flow ratio; an indicator of jetties; and a rank based on the 

latitudinal order. The null hypothesis was that the coefficients for these variables would 

be zero. In other words, none of these variables would correlate with the presence or 

absence of lingcod. 
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I found no evidence to reject the null hypothesis for jetties or for latitude. There 

was some indication however, that flow ratio was significant (p=0.067). Further 

investigation using at-test showed that the median of flow ratios in estuaries where 

adult lingcod are present (0.017) is significantly less than in estuaries where they are 

absent (0.150) (p=0.031). It is important to note that statistical significance does not 

imply ecological significance and in fact there is overlap in the flow ratio distributions 

of the two groups. The point is simply that the physical characteristics of estuaries are 

diverse and these characteristics probably play a large role in determining the suitability 

of habitat. While the presence of juvenile and adult lingcod correlates here with flow 

ratio, it is most likely explained by a combination or interaction of effects including 

jetties or other shoreline development, latitude, and benthos type. The success of a 

predictive model will depend on representative measures of these characteristics. 

Are estuaries essential habitat for lingcod? All five lifestages have been 

observed in at least the marine zone of some the areas delineated as estuaries. Due to 

the residence times observed in my study, I conclude that lingcod are feeding and 

growing in estuaries. I observed a nest in Y aquina Bay, which adds to our knowledge 

of the distribution of spawning activity. The basic functions of habitat outlined in the 

MSFCMA (feeding, breeding and growth to maturity) can be found in parts of certain 

estuaries for each life-stage. Yet lingcod are far from ubiquitous in estuaries along the 

coast and the number of individuals in estuaries is likely several orders of magnitude 

smaller than in the nearshore. 
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The difficulty we encounter in deciding whether estuaries are essential to 

lingcod is in part because of missing information regarding the biology of the species, 

but more importantly it stems from our broad definition of estuarine habitat. Puget 

Sound has a substantial sub-population of lingcod and is certainly EFH for lingcod. 

Smaller coastal estuaries with high flow ratios are not utilized at all, and therefore 

cannot be considered essential. Even within estuaries such as Yaquina Bay, the marine 

dominated zone is far more important to lingcod than the mixed or riverine zone. 

Meaningful definitions will require stepping away from a "one size fits all" approach 

for estuaries. 



Estua /River 

Puget Sound 

Hood Canal 

Skagit Bay 

Grays Harbor 

Willapa 

Columbia River 

Necanicum 

Nehalem 

Tillamook Bay 

Netarts 

Sand Lake 

Nestucca 

Salmon 

Siletz 

Depoe 

Yaquina Bay 

Alsea 

Siuslaw 

Umpqua 

Coos 

Coquille 

Sixes 

Elk 

Rogue 

Pistol 

Chetco 

Winchuck 

Klamath River 

Humboldt 

Eel River 

Tamales 

Suisun Bay* 
San Francisco 
Bay* 

Santa Monica 

San Pedro Bay 

San Diego Bay 

Jetties ELMR A S J L E 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

R R 

R R 

NEI 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Tidal 
Prism 

1.50E+11 

2.98E+10 

4.41E+10 

1.35E+10 

1.75E+10 

2.15E+10 

3.96E+08 

1.70E+09 

1.79E+08 

2.13E+08 

8.42E+08 

4.06E+08 

4.18E+08 

1.31E+09 

1.79E+09 

9.75E+07 

4.42E+07 

2.57E+09 

1.43E+08 

4.76E+09 

4.56E+10 

2.18E+10 

2.58E+09 

1.88E+09 
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Table 7, Part 1. Data on lingcod distribution and hydro graphics in West Coast estuaries 
compiled from the NOAA Estuarine Living Marine Resource project and the National 
Estuarine Inventory project. The presence (x) of jetties; inclusion (x) of the estuary in 
the ELMR project; relative abundance oflingcod life-stages (A=adult, S=spawner, 
J=juvenile, L=larvae, E=eggs) characterized as common (C) or rare (R); inclusion (X) 
of the estuary in the NEI project; tidal prism (cubic feet); continued on next page ... 
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Zone Area (sq. mi.) Flow Ratio Stratification 
Fresh Mixing Seawater AVG HI LO HI LO 

16 215 6713 0.082 0.131 0.057 HS HS 
3 57 86 0.01 0.014 0.005 HS MS 

11 102 102 0.037 0.048 0.021 HS HS 
1 34 23 0.045 0.093 0.008 MS MS 
1 44 47 0.015 0.098 0.002 VH VH 

66 148 0 0.567 0.69 0.384 HS HS 

0.025 2.119 0.265 0.205 0.264 0.017 HS MS 
0.530 6.755 3.974 0.068 0.143 0.009 HS VH 
0.000 0.000 2.250 0.013 0.026 0.002 VH VH 

0.530 1.325 0.265 0.160 0.335 0.020 HS VH 

0.132 2.252 2.649 0.026 0.056 0.002 MS VH 
0.132 1.060 1.325 0.143 0.311 0.014 MS MS 
0.397 2.781 0.662 0.174 0.400 0.051 HS VH 

3 7 0 0.317 0.648 0.059 MS VH 
1 12 0 0.072 0.159 0.004 MS VH 

0.190 0.645 0.066 2.433 5.014 0.492 HS MS 

0 1 0 20.833 39.171 4.012 HS HS 
0 18 1 0.013 0.029 0.001 MS VH 
0 1 1 3.032 6.523 0.26 HS MS 

37 56 0 0.302 0.574 0.129 MS VH 
50 131 271 0.032 0.061 0.013 MS VH 

0 0 211 0.002 0.003 0.001 VH VH 
0 1 24 0.005 0.013 0.001 VH VH 
0 0 17 0.0005 0.0012 0.00003 VH VH 

Table 7, Part 2. Area coverage of fresh, mixing and seawater zones (square miles); flow 
ratio during average, high and low river inputs; and the degree of vertical stratification 
during high and low river flow (HS=highly stratified, MS=moderately stratified, 
VH=vertically homogenous). Blank rows indicate no data. 
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Appendix A: Range Test For the Acoustic Telemetry System 

Introduction 

Acoustic telemetry is commonly used to study the behavior of fishes in both 

fresh and marine waters. Tags that contain a battery, microprocessor and transducer 

generate sound at a given frequency which is repeated over some time interval. The 

propagation of this signal, and consequently its detection range, are determined in part 

by the source power level (measured in dB re 1 µPascal@ lm) and attenuation as it 

travels through the water. Attenuation is measured as the loss of decibels per distance 

and has two sources. The first is loss from spherical spreading of the signal expressed 

as -20*log(r) where r is radius or distance from the tag. The second type ofloss 

depends on several factors including the frequency of the signal, salinity and turbidity 

of the water. It is a linear relationship expressed as -a*r, where a is an attenuation 

coefficient measured in decibels per meter. Therefore, the signal strength as a function 

of distance from the tag is expressed by the equation: 

Signal Strength= Source Level - 20*log(r) - a*r. 

Tags are detected by a hydrophone and receiver tuned to the particular 

frequency whenever the signal reaches the detector with enough power. The signal can 

either be audibly recognized by an active listener, or electronically by a computer. 

Ambient noise hinders the detection of signals if it is significant compared to the signal 

strength. Noise sources can include: thermal noise, soniferous marine life, rain, wind, 

crashing waves, and boat propeller turbulence. Receivers detect a noise spectrum 

expressed as: 
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Noise= (noise spectrum level)+ lO*log(b), 

Where the noise spectrum level is an accumulation of the noise sources listed above, 

and b is the receiver bandwidth measured in Hertz. In order for an acoustic tag to be 

detected accurately by a receiver, the signal strength must be at least 12 decibels greater 

than the noise (Vemco, product specifications for VR2 receiver). Therefore, it is 

reasonable to expect that the radius of detection for a tag will fluctuate according to the 

weather. 

In this study I tested the detection radius of tags used to track lingcod in the 

mouth ofYaquina Bay, Oregon. I assumed that the physical properties of the water 

were relatively constant between the trials, which were approximately one month apart, 

and thus, the attenuation coefficient would be constant throughout the study. According 

to theory, the detection radius signifies a discrete boundary; the tag is either within 

range and will be detected, or it is out of range and will not be detected. However, in 

previous tests the detection rate was variable at fixed distances, and decreased as the tag 

moved farther from the hydrophone. Either the perimeter works as an ambiguous 

boundary, or noise levels fluctuate within a sampling period (ie. one hour, if rate is 

measured in hits per hour). In this study I analyzed the rate of detections (hits per hour) 

as a potential indicator of the relative distance from the hydrophone. A multiple linear 

regression model was used to estimate the effect of certain weather variables on 

detection rate. I also defined threshold values for several weather variables that 

prevented detection entirely. 
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Materials and Methods 

I used the Vemco VR2 omnidirectional hydrophone with built-in receiver and 

data-logger that had a defined bandwidth of 6 KHz and the V13 lH tags that transmitted 

at 69.0 KHz with a source level of 150 dB re µPa@ 1 m. The tags were programmed 

to transmit at a random interval between 30 and 90 s. The average interval of 60 s 

meant that I expected approximately 60 detections per hour. The receiver was moored 

1 meter from the bottom at approximately 13 m depth with a small float immediately 

above it to keep it oriented vertically. Three V13 tags were placed in plastic mesh bags, 

used conventionally for holding crab bait, and attached 3 meters up from an anchor on a 

line that connected to a surface float. These anchors were then dropped at intervals of 

150,300,450 m away from the receiver (figure Al). Distances were measured with a 

differential global positioning system (GPS) unit on board the boat. These deployments 

took place in water depths of approximately 8 to 10 meters. 

Results 

Two trials were performed, one in "stormy'' conditions, and one in "calm" 

conditions (figure A2). The stormy trial took place from 7 December 2004 to 11 

December 2004. During this time swell height averaged 3.578 m and ranged from 

2.160 to 5.511 m. Dominant period averaged 14.265 sand ranged from 10.045 to 

17 .000 s. Maximum tidal exchange was 70 cm/hr, and winds were predominantly from 

the south with gust speeds averaging 14.5 mis and ranging from 2.6 to 22.7 mis. 

Rainfall over the stormy trial totalled 3.32 in. The calm trial took place from 4 January 
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2005 to 7 January 2005. Swell height averaged 1.893 and ranged from 1.438 to 2.856 

m, dominant period averaged 14.395 sand ranged from 13.000 to 15.785 s, maximum 

tidal exchange was 62 cm/hr, and winds were from the north with gust speeds averaging 

9.3 mis (ranging from 3.1 to 16.0 mis). Total rainfall during the calm trial was 0.84 in. 

The average number of signals detected per hour was significantly different 

during the two trials at the respective distances. At 150 m the average hits per hour was 

43.3 and 6.4 for calm and stormy trials respectively. At 300 m, the average was 14.5 

and 0.9 hits per hour during calm and stormy respectively. At 450 m, hits per hour 

averaged 4.6 and 0.01 during the calm and stormy trials respectively. Deviations from 

the respective means appear to be serially correlated indicating that the hits per hour are 

responding to similar conditions (figure A3). 

A multiple linear regression model was fit to the data using stepwise regression 

methods that minimized the Aikake Information Criteria (AIC). The significant 

explanatory variables were distance from receiver (m), absolute tidal exchange rate ( cm 

hr-1), swell height (m), wind gust speed (m s-1), rainfall (in hr-1), and a binary indicator 

of wind direction (N=0, S=l). When both calm and stormy trials were pooled together, 

all six variables were considered significant and accounted for 54.4% of the variability 

(figure A4). Although the two trials were set up identically to represent a continuous 

range of explanatory variables, a large discrepancy was noted in the fit to the above 

model. Therefore, stepwise regression was run on each trial separately to compare 

which terms were significant and the values of parameters common to the two different 

models. In both of the two new models, only four of the six variables used in the full 
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model were significant. The best model for the calm trial included distance, tidal 

exchange rate, swell height and wind direction (figure A5). For the stormy trial, the 

best model included distance, tidal exchange rate, swell height and rainfall (figure A6). 

Interestingly, although the gust wind speed is significant in the full model, it was not 

included in either of the models for the two trials when separated. The model for the 

calm trial was able to account for 76.42% of the variability, however the model for the 

stormy trial was only able to explain 17.75% of the variability. 

Since no direct measurements of noise were made during these trials, I can only 

estimate the values using the equations described above. Using the first equation (with 

a= 0.02), the signal strength was expected to be 103.5 dB re 1 Pa @1 m for the tag at 

150 m, 94.5 at 300 m and 88.0 at 450 m. For detections to be missed, the ambient noise 

would have been consistently greater than the threshold 

Ambient Noise (r) = Signal Strength (r) - 12 dB - 10*log(6000). 

Threshold noise levels were calculated as 38.2 dB at 450 m, 44.7 dB at 300 m, and 53.7 

dB at 150 m. 

Discussion 

The large difference in explained variability between the separate models for the 

calm and stormy trials suggests that either there was a trial effect or that at high levels 

of ambient noise, the relationship becomes non-linear. The two trials were set up to be 

identical, but since the tags were taken out of the water and then re-set between the 

trials, there is no guarantee that they were set in exactly the same position. Perhaps 
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small scale differences in depth and surrounding benthic structure interfered with signal 

propagation. In this case, comparisons between trials are inappropriate. It is also 

possible that the relationship between weather variables and the noise they generate at 

69 kHz is non-linear. In this case, linear regression may serve as a sufficient estimation 

of the relationship over a narrow range of variables, but would be inadequate for 

predicting the responses over a wide range of variables. Finally, water clarity may have 

been different between trials, such that the attenuation coefficient was not constant. 

Another problem with these models is that they often predict a negative response 

when this is obviously not possible. By definition, detections per hour can frequently 

be zero, but never negative. If any expected negative value were considered zero, the 

variance would decrease and the model fit would improve. Similarly, the values for the 

intercepts for the calm versus stormy trial are very different. The tags are programmed 

to send a signal at a random interval between 30 and 90 s. Therefore, on average a 

signal is sent every 60 s. With no lost signals the expected hits per hour should be close 

to 60. Intercept values in the models for the calm trial and both trials combined are in 

this range (58.9 and 54.7 respectively). However, the intercept in the model for the 

stormy trial is only 15.4, which indicates that this model is not adequately accounting 

for all signal loss. 

Due to the spacing between the anchor and the tag, the tags were presumed to be 

slightly up in the water column, which may not be representative of groundfish 

behavior. Therefore, this experiment would likely overestimate the range of these tags, 

since the reflective benthic structure is less likely to interfere with the signal 
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propagation. Tidal flux, both vertically and horizontally, was also a concern when 

deciding on the length of line needed between anchor and float. Enough scope was 

needed to account for high tide and the pull of severe weather conditions on the buoy, 

but also needed to be short enough so that it did not present navigational hazards at low 

tide. Another reason for limiting the amount of scope, was the potential change in 

distance from the receiver during different tides. Fluctuations of up to 6 m were 

possible as the buoy shifted back and forth with the tide. 

Conclusion 

In shallow coastal waters, noise from naturally occurring processes can 

significantly reduce the detection range of acoustic tags operating at 69.0 kHz. Noise at 

this frequency can be related to tidal flow, swell height, wind speeds, and rainfall. 

Linear estimation of the effect of multiple weather variables on tag detection was only 

moderately successful, explaining slightly over half of the variability in the number of 

detections received per hour (r2=0.5440). The linear approach was much more effective 

in predicting detection rates during periods where the weather was calm (r2=0.7642) 

rather than stormy (r2=0. l 775) even though values for individual weather variables 

overlapped in the two trials. This discrepancy is likely due to a non-linear relationship 

between the explanatory weather variables used in this model and the noise that they 

generate. Using such a model to subtract out noise levels and thereby estimate distance 

of a tagged fish from a receiver based on the rate of detections is not recommended, 

especially during high noise events such as storms or extreme tidal exchange. 
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For this system the radius at which tags could be detected varied greatly 

depending on weather conditions (<150m during storm events and >450m during calm 

periods). In a study of fish behavior, these idealized ranges could be further reduced 

due to location of the fish in relation to hard structure, pynoclines, or turbidity. As a 

result, a conservative analysis of data from this telemetry system will consider only 

presence/absence information, not the rate of detections made over time. Furthermore, 

data collected during storm events should be treated cautiously so that absence is not 

falsely assumed. 
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Figure A2. Weather variables and tag detections (a) during the stormy trial (7-11 Dec 
2004) and (b) during the calm trial (4-7 Jan 2005). Wave height (dark blue) in meters, 
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Appendix B: Tag Histories 

3073-

Date Tagged: 3 Oct 2003 

Location: north jetty 

Method: hook and line 

Length: 53 cm 

External tag: none 

Last Detection: 2 Apr 2004 when hydrophones were pulled. 

*EPA hydrophones at the jetty detected the tag later and a single 

detection at Riverbend (14 May 2004). 

Days at large: 183 

Days Present: 130 (71 %) 

Average hits per day (excluding days when absent): 101 (142) 

Consecutive days present, range (mean, median): 1-30 (4.2, 2) 

Consecutive days absent, range (mean, median): 1-4 (1.8, 1.5) 
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Notes: A marked change occurred around mid-December corresponding with 

the introduction of another tag in the area. Prior to 12 Dec 2003, average hits per day 

was 224 (271) with 12 of 71 days absent (17%), afterwards avg.hpd was 23 (35) with 41 

of 112 days absent (36.6%). This is perhaps due to the fish re-establishing its home 

range slightly further away from the hydrophone. The detection at Riverbend is 

difficult to interpret. Either the fish or a sea lion with the tag moved up into the bay, but 

most likely a false positive was recorded. 
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3081-

Date Tagged: 4 Dec 2003 

Location: north jetty 

Method: hook and line 

Length: 56 cm 

External tag: none 

Last Detection: 21 Mar 2004 

Days at large: 105 

Days Present: 51 (48.%) 

Average hits per day (excluding days when absent): 6.8 (13.9) 

Consecutive days present, range (mean, median): 1-6 (2.3, 2) 

Consecutive days absent, range (mean, median): 1-7 (2.6, 2) 
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Notes: The tag was activated on 13 Sep 2003 and so was only expected to last 

until about mid-March 2004. This tag was never recorded by the fingers station, which 

indicates that any movement beyond the range of the north jetty station was in the 

seaward direction. 

3080-

Date Tagged: 28 Oct 2004 

Location: south jetty 

Method: snagger 
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Length: 77 cm (est.) 

External tag: 0008 

Last Detection: 16 Jan 2005 

Days at large: 81 

Days Present: 4 (4.9%) 

Average hits per day (excluding days when absent): 0.3 (3.5) 

Consecutive days present, range (mean, median): 1 

Consecutive days absent, range (mean, median): 1-55 (19.3,10.5) 

Notes: The fish was a dark red color and became quite tom up by the barbed 

quad hook. It was shot by a diver on 16 Jan 2005 at the same location. According to 

the diver, it was a gravid female and measured 33 in (83.8 cm) in length. Only 21 hits 

in total were recorded at the north jetty. On 7 days (8.6%) only one detection 

registered. It was never detected by the upstream receiver indicating that the fish 

moved very little in either direction. This fish was likely hidden in the rip-rap, waiting 

to spawn, on the extreme fringe of the range of detection for the N. Jetty station. 

3082-

Date Tagged: 2 Oct 2004 

Location: north jetty 

Method: hook and line 

Length: 52 cm 

External tag: 0005 
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Last Detection: 20 Feb 2005 

Days at large: 142 

Days Present: 63 ( 44%) 

Average hits per day (excluding days when absent): 25.1 (56.3) 

Consecutive days present, range (mean, median): 1-8 (2.8,2) 

Consecutive days absent, range (mean, median): 1-9 (3.4,2) 

Notes: Since this was an older tag it is difficult to predict its expiration. This 

fish appears to have come and gone from the north jetty quite a bit and at fairly regular 

intervals. 

3084-

Date Tagged: 30 Sep 2003 

Location: north jetty tip 

Method: hook and line 

Length: 46 cm 

External tag: none 

Last Detection: 23 Oct 2003 

Days at large: n/a 

Days Present: 1 

Average hits per day (excluding days when absent): n/a 

Consecutive days present, range (mean, median): n/a 

Consecutive days absent, range (mean, median): n/a 
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Notes: This fish was caught and released beyond the expected range of the 

hydrophone on the ocean side. It was recorded only one day, from late morning until 

mid-afternoon at the north jetty station. This suggests that this fish did not frequently 

come into the bay, despite being captured quite close to it. 

3085-

Date Tagged: 21 July 2004 

Location: bridge 

Method: hook and line 

Length: 42 cm 

External tag: 0002 

Last Detection: 28 Sep 2004 

Days at large: n/a (%) 

Days Present: n/a (%) 

Average hits per day (excluding days when absent): n/a 

Consecutive days present, range (mean, median): n/a 

Consecutive days absent, range (mean, median): n/a 

Notes: This lingcod showed the most movement between stations. On 17 Sep it 

left the bridge site, passed the fingers station (07:14 to 07:45), then arrived at the north 

jetty station (10:06 until 07:47 on 18 Sep.), then returned, passing the fingers station 

from (14:29 to 14:34 on 18 Sep.). It passed the fingers station again on 28 Sep (13:30 

to 13:55) and the north jetty station on the same day (14:26 to 15:00) and was not 
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detected again. Two distinct trips, one from the bridge out to the end of the jetty and 

back again, and another from the bridge out to sea, never to return. The battery was 

predicted to last at least until January. Even after the hydrophone at the fingers was 

moved to the bridge site where the fish had been captured, the tag was not detected 

agam. 

3086-

Date Tagged: 11 Aug 2004 

Location: south Y aquina reef 

Method: hook and line 

Length: 51 cm 

External tag: 0004 

Last Detection: 13 Dec 2004 

Days at large: n/a 

Days Present: n/a 

Average hits per day (excluding days when absent): n/a 

Consecutive days present, range (mean, median): n/a 

Consecutive days absent, range (mean, median): n/a 

Notes: This fish was caught in the ocean ~2 km away from the mouth of the 

bay, tagged immediately and then held for two nights at the lab. It was released in the 

bay at the second finger jetty within range of the fingers station. The fingers station 

shows a record of the tag on the release date (13 Aug) from 13:50 until 17:45. Then it 
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was recorded at the north jetty station from 18:35 to 19:13 on the same day. Two single 

hits showed up later at the north jetty station, one on 9 Dec 2004 and the other on 13 

Dec 2004. These were single detections, so there is a high probability that they were 

false positives. The immediate homing behavior of this fish is not surprising 

considering the studies by Matthews (1992) and Yamanaka and Richards (1993). 

3087a-

Date Tagged: 15 July 2004 

Location: north jetty 

Method: hook and line 

Length: 69 cm 

External tag: 0001 

Last Detection: 28 Aug 2004 

Days at large: 4 7 

Days Present: 47 (100%) 

Average hits per day (excluding days when absent): 147.0 (n/a) 

Consecutive days present, range (mean, median): 47 

Consecutive days absent, range (mean, median): 0 

Notes: This fish was caught by a fisherman which provided information 

regarding the status of the fish; it was alive and had been behaving "normally." 

3087b-
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Date Tagged: 1 7 Oct 2004 

Location: bridge 

Method: hook and line 

Length: 59 cm 

External tag: 0006 

Last Detection: 13 May 2005 

Days at large: 209 (only 190 d when hydrophone was at bridge station are used) 

Days Present: 128 (67%) 

Average hits per day (excluding days when absent): 219.6 (326.0) 

Consecutive days present, range (mean, median): 1-59 (11.6,2) 

Consecutive days absent, range (mean, median): 1-38 (6.2,2) 

Notes: This was the second use of this tag. During the first 19 days that the tag 

was in the water (17 Oct to 5 Nov 2004) the receiver was still at the fingers station. It 

was not detected during this time, however, once the receiver was moved to the bridge 

station, it was detected frequently. Only the 190 days after the move are used for 

calculating these statistics. This fish left the bridge at 09:44 on 5 Feb 2005, passed by 

the north jetty station from 10: 16 - 10:20, and returned 39 days later, passing by the 

north jetty from 13:13 - 13:19 and arriving at the bridge at 14:02. It remained at the 

bridge every day after that. 

3088-

Date Tagged: 12 Aug 2004 



Location: northjetty 

Method: snagger 

Length: 61 cm 

External tag: 0003 

Last Detection: 13 May 2005 

Days at large: 275 

Days Present: 239 (87%) 

Average hits per day (excluding days when absent): 103.5 (I 19.1) 

Consecutive days present, range (mean, median): 1-55 (10.4,5) 

Consecutive days absent, range (mean, median): 1-4 (1.6,1) 

Notes: This tag provided the longest series of data but did not show any 

remarkable movement. 

3089-

Date Tagged: 28 Oct 2004 

Location: bridge 

Method: snagger 

Length: 61 cm 

External tag: 0007 

Last Detection: 23 Jan 2005 
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Days at large: 88 ( only 80 d when hydrophone was at bridge station are used) 

Days Present: 79 (98.8%) 



93 

Average hits per day (excluding days when absent): 442.6 (453.9) 

Consecutive days present, range (mean, median): 14-65 

Consecutive days absent, range (mean, median): 1 

Notes: Terry Thompson caught this fish on 23 Jan 2005 between the bridge and 

the Coast Guard station, essentially where I had found it. The head and gonads were 

turned in so I collected the otoliths and made estimated fecundity (it was a gravid 

female). During the first 8 days that the tag was in the water (28 Oct to 5 Nov 2004) the 

receiver was still at the fingers station. It was not detected during this time, however, 

once the receiver was moved to the bridge station, it was detected quite frequently. 

Only the 80 days after the move are used for calculating these statistics. It was never 

detected at the north jetty station. 

4093-

Date Tagged: 12 July 2004 

Location: north jetty 

Method: hook and line 

Length: 69 cm 

External tag: 0000 

Last Detection: 4 Oct 2004 

Days at large: 85 

Days Present: 77 (90.6%) 

Average hits per day (excluding days when absent): 641.7 (708.3) 
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Consecutive days present, range (mean, median): 2-57 (12.8,3.5) 

Consecutive days absent, range (mean, median): 1-3 (1.6,1) 

Notes: This was the 10s fixed interval tag which I had wanted to use for range 

tests and likely increased the rate of code collisions. The battery life was less than the 

others and the last detection fell within the predicted time frame. It was never detected 

at the fingers station. 




