
    

  

AN ABSTRACT OF THE THESIS OF 

 

Marion E. Mann for the degree of Master of Science in Fisheries Science on May 27, 2008 

 

Title: Defining Micro-habitat Relationships for Juvenile Black Rockfish, Sebastes melanops. 

 

Abstract approved: 

 

_________________________________________________________________ 

Ian A. Fleming 

 

 The functioning of marine habitats needs to be understood in the context of the ecological 

relationships and associations between organisms and the physical and biogenic environment 

they inhabit. Thus, it becomes important to explore and define habitat features which contribute to 

these relationships and which are important in the life history of a species. Juvenile habitat needs 

and associations have rarely been studied, but Essential Fish Habitat (EFH) guidelines require 

description of habitat for all life stages of managed stocks. Given observational data in the natural 

environment, there is a strong need to determine if structural or biogenic habitat matters to fish. 

To explore direct relationships with habitat features, based on cause and effect, requires 

controlled laboratory studies. In this work, the extent and nature of habitat relationships for 

juvenile black rockfish, Sebastes melanops, were systematically investigated in four consecutive 

controlled experiments. I examined habitat choices of juvenile rockfish with respect to (1) a 

diurnal light cycle, (2) the nature of structure use with respect to the importance of crevices, (3) 

the effect of additional complexity in structure, and (4) the role of biotic components of structure 

independent of their physical attributes.  

In the first experiment (1), juvenile rockfish behavior was video taped during day, 

crepuscular and night conditions. To observe fish behavior at night an infrared tank set-up was 

used, with lights projecting through the bottom of the tanks. The sand layer was required to be 



    

  

very thin, such that the light could penetrate through both tank wall and sand and get picked up 

by an overhead camera. This exposed many crevices and ledges at the base of the boulders 

which were extensively used by all groups of fish. In the second experiment (2), burying the 

boulders in deep sand reduced this crevice availability and took away those types of refuge 

opportunities. Complexity was then examined by attaching white plumed anemones, Metridium 

spp. to half of the boulders in the tanks (experiment 3). White plumed anemones occur as two 

species on the west coast of North America, Metridium farcimen and M. senile fimbriatum, which 

are visually indistinguishable and have overlapping distributions. For the purposes of our 

experiments, it was not necessary to identify them to species level, and all the experimental 

animals were collected by scuba in Yaquina Bay. Artificial replicates of Metridium spp. in 

comparison with live animals were used to test for biogenic contributions to habitat preference 

(experiment 4). To see if associations and behaviors observed in the laboratory also occur in the 

field, habitat use by unidentified reef-associated juvenile rockfish in their natural environment was 

examined using video data collected by the Oregon Department of Fish and Wildlife with a 

remotely operated vehicle.  

The results of the experiments indicate that (1) the odds of juvenile black rockfish being 

present in boulders during daylight were 7.2 times greater than at nighttime. It is likely that refuge 

needs for juveniles of this species are greatest during daylight given the diversity of visual 

predators. (2) Crevice availability plays an important role in providing refuge, but juvenile black 

rockfish in my trials did not change boulder use based on crevice availability. (3) Juvenile black 

rockfish also clearly preferred habitat complexity (added anemones) and preferred boulders with 

attached Metridium spp. over plain boulders. (4) Preference was given not only to higher 

structural complexity, but also to habitat that offered a biotic component to the boulder/anemone 

arrangement. Juvenile black rockfish showed a significant association with boulder habitat 

containing attached live Metridium spp. over boulder habitat with the same structural construct 

using plastic replicas. The specific nature of this biogenic contribution to habitat choice is 

unknown and could be the result of an important symbiotic relationship. In their natural 

environment, unidentified juvenile rockfish also occurred in greater numbers in micro-habitats 



    

  

highly populated by Metridium spp. This work demonstrates that reef associated juvenile black 

rockfish engage in complex micro-habitat relationships that are not only based on structural 

complexity but also on biogenic influences. Biogenic habitats frequently involve invertebrate 

species that are fragile and long lived, and thus vulnerable to disturbance (e.g. from global 

warming, fishing activities and other extraction processes). Although survival and growth of 

juvenile black rockfish was not investigated in this work, the loss of biogenic habitat is likely to 

impact post settlement survival of reef-associated fishes, thus ultimately affecting population 

recruitment. Habitat limitations in the juvenile stage are particularly important to understand 

because density-dependent factors can dampen high stochasticity in recruitment to adult 

populations.   
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General Introduction 

Sebastes spp. general natural history. 

 Pacific rockfish Sebastes spp. were first classified by Dr. Ayres in 1854 and described by 

him as “rockfish” in the scientific literature (Love et al. 2002). As the name “rockfish” infers, many 

species are found near or on hard bottom types.  A micro-scale view of the landscape commonly 

referred to as “rocky or hard bottoms” reveals this to be a generalization of diverse bottom types 

and diverse community structures. Often hard substrates are interspersed with soft sediments 

which harbor different infaunal and epibenthic communities. Additionally, a variety of 

macrophytes, algal, macro-algal, and invertebrate species attached to hard substrates diversify 

ecological communities by providing structural components.  

 Rockfish in the Northeastern Pacific are distributed from Alaska to Baja California and are 

comprised of 102 different Sebastes spp. species worldwide (Love et al. 2002).  They are 

generally categorized into groups or communities based on the ocean depths they inhabit as 

adults i.e. nearshore, shelf and slope species. Life history strategies in juveniles and adults are 

diverse and different inter-and intraspecific age classes can be found in overlapping areas and 

habitats (Love et al. 2002). All rockfish have internal fertilization and are viviparous, bearing yolk-

sac larvae. They are said to parturate instead of spawn, which differs from many other marine 

and freshwater fishes in that live larvae are extruded. Courtship and mating behaviors have rarely 

been observed and seem to be similar in at least two species (Helvey 1982, Shinomiya 1991).  

Rockfish larvae and juveniles remain pelagic for several months and up to one year, and 

are thought to passively drift within the upper levels of the water column (Ahlstrom 1961).  The 

diversity of pelagic juvenile rockfish in the Santa Barbara channel was found to be highest in 

depths of 30 – 54 m (Nishimoto 2000, Nishimoto and Washburn 2002).  Larval transport and 

retention mechanisms are influenced by large and small scale climatic and oceanographic events 

(Roughgarden et al. 1988, Farrell et al. 1991, Gaines and Bertness 1992). Until juveniles become 

demersal and associate with a specific bottom type, larval transport and retention mechanisms 

are mediated by currents, tidal influences, and upwelling movements (Roughgarden et al. 1988, 
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Farrell et al. 1991, Gaines and Bertness 1992). Passive pelagic drifting by larvae of reef fish and 

invertebrates and subsequent recruitment success is thought to be mediated by food availability 

and predation, causing high and variable mortality rates during the very early life stages (Houde 

1987, Thresher et al. 1989, Doherty 1991, Doherty and Fowler 1994, Leggett and Deblois 1994,). 

Several recruitment theories are based on this passive pelagic drifting by fish and invertebrate 

larvae, i.e. critical period, mis-match, and recruitment-limitation hypotheses (Hjort 1914, 1926, 

Cushing 1972, 1974, Doherty 1981).  Oceanographic events have been shown to cause high and 

variable mortality rates during very early larval life stages (Houde 1987, Thresher et al. 1989, 

Myers and Cadigan 1993, Doherty and Fowler 1994, Leggett and Deblois 1994).  

Mounting evidence, suggests that larval fish are also engaged in active behaviors 

directing recruitment to local populations. The sustained swimming time and speed measured in 

late-stage larvae of tropical reef fish confirms that active swimming behavior can influence larval 

dispersal and recruitment success (Fisher and Shaun 2004). Active near-shore retention 

mechanisms influence dispersal in grass rockfish (Buonaccorsi et al. 2004) and self recruitment 

of reef damselfish was observed by Jones et al. (1999). Post-settlement demersal juvenile black 

rockfish have been found in the same geographic location despite large differences in their 

parturition dates (Miller and Shanks 2004), indicating active recruitment mechanisms at work. 

Other scientific investigations suggest that for some species a large part of the recruitment 

variability into adult populations can be explained by settlement and post-settlement mortality 

(Warner and Hughes 1988, Caley 1993, Levin 1993, 1994, Carr 1994, Caley et al. 1996, Love et 

al. 1998).   

 Most rockfish species settle from a pelagic juvenile life-stage to a deeper reef-associated 

juvenile life-stage. Settlement cues are unknown, and details of events and behaviors leading 

from larval to juvenile, to sub-adult, to sexually mature fish are incomplete. Once demersal, most 

rockfish species ontogenetically migrate into deeper habitats based on temporal, biological and 

spatial parameters - i.e. growth, size, learning, season, physiology and genetics (Stein and 

Hassler 1989, Wakefield and Smith 1990, Jacobsen et. al 2001, Nelson 2001). Specific 
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mechanisms triggering and directing migratory paths or stationary micro-habitat associations are 

difficult to investigate. Thus the duration, nature and sequence of micro-habitat switches 

undertaken by rockfish before becoming sexually mature remain to be explored.   

 Given that pelagic larvae can mediate their transport and orientation in the water column, 

older larvae should move to, and settle in the best choice micro–habitats earlier than younger 

larvae. Settlement cues may include specific chemical, physical, acoustic or community signals 

that initiate and maintain active behavior as observed in tropical reef species (Montgomery et al. 

2001, Mitamura et al. 2005). Within each micro-habitat, high growth rates are critical for the 

survival of juvenile fish in order to evade gape-limited predators (Puvanendran et al. 2004, 

Vincent et al. 2006). Habitat selection over time given different age classes plays an important 

role in population dynamics. Physical and biological factors, including habitat availability, might 

contribute significantly to the large and sporadic variability in stock recruitment and post-

settlement losses (Levin 1994).  Understanding the factors that can cause dramatic changes in 

this variability is important for all long-lived, bet-hedging species and therefore vital in 

considerations of stock/population rebuilding and conservation (e.g. Marine Protected Areas, 

Marine Reserves). 

  

Habitat management and regulations. 

 Benthic habitat degradation through trawling activities and by-catch issues are two 

principal areas of concern for management (Collie et al. 1997, 2000, Watling and Norse 1998, 

Auster and Langton 1999, Kenchington et al. 2001, Jennings and Kaiser 1998, National Research 

Council 2002, Wassenberg et al. 2002). Given that fishing effort does not tend to be uniformly 

distributed over all habitat types, but can be concentrated over specific and narrow areas similar 

to a highway system (Bellman 2004, Rose and Jorgensen 2005), fishing intensity and overlap 

needs to be considered when quantifying habitat health or degradation. In those areas with high 

fishing intensity, micro-habitats in particular are at great risk of becoming altered or destroyed. 

With the revision of the Magnuson-Stevens Fishery Conservation and Management Act in 1996, 
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the National Marine Fisheries Service (NMFS) was mandated to describe and identify Essential 

Fish Habitat (EFH) and advise the Pacific Fisheries Management Council (PFMC).  Because EFH 

was defined very broadly, Habitat Areas of Particular Concern (HAPC) are the current 

designation for sensitive marine areas identified as priority for conservation and management 

(Moncada, 2004). HAPCs generally include long lived invertebrates (i.e. cold water corals) and 

other sensitive features that are slow to recover once disturbed by fishing gear or other extraction 

activities.  

 

In Washington, Oregon and California, the Pacific Fisheries Management Council has 

identified and designated areas as HAPC’s and in a portion of those HAPCs, fishing restrictions 

are in place. In many instances however, the HAPC designation has fallen onto already 

established Marine Protected Areas (MPA). Thus, use restrictions in HAPC areas can be variable 

and limited, or completely non-existent, and in many cases fishing and other extraction activities 

are allowed. HAPCs are often used by managers to identify and design Marine Reserves, which 

are by definition ‘no-take’ zones, prohibiting all extraction activities. Discussions to establish 

marine reserves off the Oregon coast are currently under way, and a public comment process 

has started. Nevertheless, there are still many research needs listed in the Pacific Coast 

Groundfish Fishery Management Plan for California, Oregon and Washington (Pacific Fisheries 

Management Council 2005). Some of these needs include: 

� Explore and better define the relationships between habitat and productivity of groundfish 

species.  

�  Visual observation of the association between groundfish and biogenic habitats.  

� Sampling and analysis of groundfish life stages in known areas of biogenic habitats.  

 

Habitat destruction. 

 Bottom trawls, bottom gillnets, and dredges are fishing gears most clearly associated with 

alteration and destruction of benthic habitats (Collie et al. 2000, Chuenpagdee et al. 2003). These 

activities not only demolish physical structure directly, but can produce secondary effects such as 
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affecting nutrient cycles, altering predator and prey interactions, changing size composition, and 

diminishing ecosystem engineers (Coleman and Williams 2005, Kenchington et al. 2005, Brown 

et al. 2005). Community structure, including species biomass, diversity, distribution, and 

abundance, is greatly reduced in areas where disturbance events are frequent (Kaiser and 

Spencer 1996, Engel and Kvitek 1998, Thrush et al. 1998, Tuck et al. 1998, Smith et al. 2000, 

Jennings and Kaiser 1998, Collie et al. 2005). Changes in benthic communities are directly 

related to dietary changes in predator species, as well as changes in biological traits such as 

reproductive mode, age at maturity, egg size, planktonic development, movement and mobility, 

foraging behaviour, aggregation and regeneration potential (Bremner et al. 2005).  Removing 

keystone predators and critical forage species or affecting fish habitat by destroying structure 

forming species can fundamentally change an ecosystem (Pauly et al. 1998). Substrate 

alterations impact ecological cohesion, community structure, and ecosystem function, although 

the extent and magnitude of such impacts are not entirely clear.   

 

 Displacement of large piles of boulders through trawling operations reduces crevices and 

refuge opportunities directly affecting micro-habitat availability for juvenile rockfish (Freeze et al. 

1999).  Additional destruction of the invertebrate macrofauna reduces habitat complexity and 

structure and also alters refuge availability for smaller (juvenile) fish.  Erect, fragile, long lived and 

slow growing sessile invertebrates using hard substrates for attachment are particularly at risk of 

being damaged, injured, broken, or removed by trawling operations (Friedlander et al. 1999, 

Morgan et al. 2004, Mortensen et al. 2005). Habitat alterations appear to be more significant for 

hard than soft bottom communities (McConnaughey et al. 2000, Gordon et al. 2005), because 

soft bottom communities have naturally high spatial and temporal differences, and are often 

subject to physical forces in shallow ocean areas. However, even within this variability, evidence 

suggests that soft bottom organisms can also be severely impacted by fishing activities (Kaiser 

and Spencer 1996, Engel and Kvitek 1998, Thrush et al. 1998, Tuck et al. 1998, Smith et al. 

2000, Stone et al. 2005).  In addition, recovery processes for epibenthic macrofauna are difficult 

to quantify, since for many species age and growth information and other biological aspects still 
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need to be explored (i.e. corals, gorgonians, sponges, anemones, hydroids, and echinoderms).  

  

 Long-lived invertebrates may be particularly vulnerable to destructive impacts or local 

eradication. Although some invertebrates (i.e. isopods, scallops, squids) reach life spans of only a 

few months or years (Shuster 1981, Hall 2001, Jackson and Moltschaniwskyj 2002, Tracey et al. 

2003, Jones et al. 2004, Qetglas and Morales’Nin 2004, Obrien and Keegan 2005), many more 

are long lived (Keller and Longinella 2002, Vadas et al. 2002, Ebert and Southon 2003, Morsan 

and Orensanz 2004, Gribben and Creese 2005, Phillip et al. 2005). Areas of long lived sessile 

invertebrates are among the most difficult to recover and rebuild once damage has taken place. 

These areas can include the colonial anemones, zoanthid anemones, mushroom corals, 

hydrocorals, sea whips, red tree corals and Scleractinians, which may reach ages of greater than 

200 years and as high as 1800 years (Ottaway 1980, Druffel et al. 1995, Breeze et al. 1997, 

Goodfried 1997, Andrews et al. 2002, Risk et al. 2002, Wilson et al. 2002, Goffredo and 

Chadwick-Furman 2003, Miller et al. 2004). Moreover, invertebrates can provide important habitat 

features for other marine organisms (Lubbock 1980, Fautin 1987, Ferrell and Bell 1991, 

Bevelhimer 1996, Valle et al. 1999, Stachowicz and Hay 1999, Dean et al. 2000, Yoklavich et al. 

2000, Jenkins and Hamer 2001, Hindell et al. 2002, Whitfield 2002, Stoner and Titgen 2003, 

Henkel and Pawlik 2005, Holbrook and Schmitt 2005, Lippsett 2005). The extent to which 

invertebrates provide habitat complexity and features beyond physical structure, however, has 

seldom been rigorously examined, particularly for temperate marine fish communities. 

 

Stock assessments and population modeling. 

 Ecological roles and linkages in particular need to be explored in order to properly identify 

HAPC’s and design management strategies which can effectively stabilize marine ecosystems 

and predict and mediate short term and long term disruptions. Information concerning keystone 

species, habitat diversity, predator-prey relationships, and trophic level interactions are desired 

data for ecological models and analyses (Pitcher 2001), and are often used in management 

processes for terrestrial systems (Marchak 1995, Sinclair et al. 1995). Modeling species 
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interactions in fisheries does result in a lower system-wide maximum sustainable yield than when 

using the sum of individual species maximum yields provided by single species stock assessment 

models. Similarly, incorporating inter-and intra-specific predation mortality resulted in much higher 

mortality rates for younger age classes (Pope 1991). Hollowed (2000) discussed the fact that 

stock-recruitment curves become distorted, if multi-species interactions are not considered; in 

particular yield-per-recruit and spawner-biomass-per-recruit curves are over estimated. To date, 

traditional fisheries stock assessments still focus on single species biomass estimates to develop 

projections and harvesting guidelines based on multiple fishing scenarios. Development and 

refinement of new ecological models (i.e. aggregate system models, dynamic system models, 

dynamic multi-species models) will provide managers with choices regarding modeling tools 

enabling them to take into account ecological interactions and relationships. Sensitivity analyses 

have already proven to be useful to managers for comparing species with different life histories 

and measuring changes in a population growth rate resulting from the removal (mortality) of 

adults (Gerber and Heppell 2004, Gerber et al. 2005). Further use of ecological data in either 

sensitivity analyses or other ecological models can only serve to improve uncertainties regarding 

population or stock status. Nevertheless, the lack of some essential natural history data currently 

places constraints and limits to the predictive ability of many of the dynamic ecosystem models. 

Yet, an ecosystem approach to managing fisheries is critical in order to fully understand collateral 

fishing impacts (Dayton et al. 1995, Pitcher and Pauly 1998) and to protect and recover sensitive 

and fragile ecosystem components.  

 

 The “STAT best fit model” for the northern black rockfish population estimates spawning 

biomass for black rockfish at 1,239 mt and unexploited spawning biomass at 2,321 mt, resulting 

in a current stock level that is 53.4% of un-fished levels (Wallace et al. 2007). Spawning biomass 

and age 3+ biomass reached the lowest levels in 1995, following poor recruitment and intense 

fishing in the late 1980’s (Ralston and Dick 2003, Wallace et al. 2007), but has since started to 

recover. Although the 2006 assessment model for black rockfish assumes an age-specific natural 

mortality rate for females, it still uses a constant rate of 0.16 for young males and females (< 10 
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years of age). Within this decade of time, females and males reach sexual maturity, and mortality 

may vary greatly between each of the juvenile age classes.  Although, model estimates reflect the 

best known information, even for a relatively data rich species, there is little post-settlement 

behavioral and ecological information available.  Understanding which factors exert the strongest 

influence on mortality rates during this time frame, and what role micro-habitat plays in affectting 

such mortalities can greatly enhance model capabilities, application and predictive value. 

 

Sebastes melanops. 

 Black rockfish, Sebastes melanops, are an important commercial species and are 

targeted by recreational and commercial fisheries using jig, trawl and trolling methods (Dunn and 

Hitz 1969, Stein and Hassler 1989, Boettner and Burton 1990). They are most common in 

nearshore waters from 12 to 90 m (Oregon Dept. of Fish and Wildlife 2002), but have also been 

found offshore (Dunn and Hitz 1969). Black rockfish are part of the kelp-rockfish assemblage in 

California, aggregating with blue, olive, kelp, as well as black-and-yellow and gopher rockfishes 

(Hallacher and Roberts 1985). Three benthic species (gopher, china, and brown rockfish) overlap 

with black rockfish in their habitat and depth range (Sullivan 1995). The distribution of black 

rockfish ranges from southern California to the Aleutian Islands and the species commonly occurs 

from San Francisco northward (Phillips 1957, Miller and Lea 1972, Stein and Hassler 1989, 

Mecklenburg et al. 2002). Black rockfish extend from the surface to 366 m, but are most common 

at depths shallower than 55 m (Love et al. 2002). Adults inhabit the midwater and surface areas 

over high-relief rocky reefs, and are found in and around kelp beds, boulder fields, pinnacles, and 

artificial reefs (Ebeling et al. 1980, Grossman 1982, DeMott 1983, Hallacher and Roberts 1985, 

Bodkin 1986, 1988, Love 1999, Starr et al.1996, Bloeser 1999). They are able to form schools of 

thousands of individuals in association with reefs and other species such as yellowtail, dusky, 

silvergray and blue rockfishes (Oregon Dept. of Fish and Wildlife 2002). Schools of black rockfish 

occur around British Columbia reefs from June to September (Stein and Hassler 1989). Adult 

black rockfish seem to migrate outside kelp beds diurnally, returning before dusk while juveniles 

and small adults remain in the kelp and tend to be closer to the bottom at night (Stein and Hassler 
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1989). Black rockfish may travel up to 600 km, and movement off the Oregon coast is primarily 

northward toward the Columbia River (Mathews and Barker 1983, Culver 1987). However, more 

often they remain in the same area displaying moderate site fidelity. Abundances tend to decline 

in shallower depths in the winter while increasing in the summer (Stein and Hassler 1989). Black 

rockfish densities tend to decrease with depth (Hallacher and Roberts 1985, Pacific Fisheries 

Management Council 2000) and off the Oregon coast, larger fish are found in deeper water (20–

50 m) (Stein and Hassler 1989).  Complete sexual maturity for males is reached by age 10 years 

(430 mm), while all females mature by age 11 years (480 mm) (Wyllie-Echeverria 1987), yet age 

at maturity varies somewhat with latitude. The maximum length attained by the black rockfish is 

65 cm (Lea et al. 1999), reaching a life span of ~ 50 years (Love et al. 2002), and after age 7, 

females tend to be larger than males of the same age (Stein and Hassler 1989). 

  

 As with all other rockfish, fertilization is internal and females extrude larvae annually 

between January and May. Pelagic larvae and juveniles (< 40–50 mm) have been collected as far 

as 266 km offshore of the Oregon coast (Laroch and Richardson 1980, Boehlert and Yoklavich 

1983, Stein and Hassler 1989, Love et al. 2002). Parturition events have not been documented, 

but may occur offshore since very gravid females have been caught well offshore (Dunn and Hitz 

1969, Hart 1973, Stein and Hassler 1989). Larval output increasingly comes from younger 

females later in the season, yet large (old) females produce a significant higher quantity and 

quality of larvae earlier in the season (Berkeley et al. 2004, Bobko and Berkeley 2004). Young-of-

the-year (YOY) black rockfish use estuaries as well as the nearshore environments during the 

early phase of settlement, and are found in bays, estuaries, and tide pools associating with kelp 

and sea-grass beds (6–12 m), kelp canopy, sand-rock interface, midwater column, and high-relief 

rock (Dewees and Gotshall 1974, Washington et al. 1978, Gascon and Miller 1981,1982, 

Grossman 1982, Yoshiyama et al. 1986, Stein and Hassler 1989, Boehlert et al. 1991, Love et al. 

1991, Moser and Boehlert 1991, Love et al. 1999, Ven Tresca et al. 1995, Bloeser 1999). The 

early phase of settlement occurs at 31-40 mm TL (Larson 1980) primarily in June and juveniles 

inhabiting waters less than 20 m can also be found over sandy bottom (Laroch and Richardson 
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1980).  Juveniles in the kelp beds of Monterey Bay occupy both the canopy and bottom, 

associating with kelp holdfasts and sporophylls and are present in the upper levels of the water 

column, often near or in shelter such as kelp or pilings (Stein and Hassler 1989). There the fish 

may remain for an entire year (Hobson et al. 2000) before they engage in an ontogenetic shift to 

deeper waters during the winter and as they grow (Matthews, 1990a).  Once they become reef 

associated, larger juveniles (60 -150 mm) use holes and crevices (Gascon and Miller 1982a, b) 

and are known to occupy sand channels among rocks, and boulders or depressions in the reef 

(Ven Tresca et al. 1996).  

 

 The diet of black rockfish larvae include nauplii, invertebrate eggs, copepods, salps, 

mysids, and crab megalops (Steiner 1979, Sumida et al. 1984, Moser and Boehlert 1991) while 

juveniles feed on copepods, zoea, mysids, barnacle cyprids, fish larvae, and juvenile polychaetes 

(Leaman 1976, Brodeur and Pearcy 1984, Singer 1985, Gaines and Roughgarden 1987, Love et 

al. 1991, Reilly et al. 1992, Lea et al. 1999). Larval black rockfish fall prey to siphonophore and 

chaetognaths (Yoklavich et al. 2000), while juveniles have to fear lingcod, cabezon, salmon, 

marine birds, and porpoises (Miller and Geibel 1973, Follet and Ainley 1976, Ainley et al. 1981, 

Stein and Hassler 1989, Love et al. 1991, Houk 1992, Houk and McCleneghan 1993, Ainley et al. 

1993, Eldridge 1994, Baltz 2006). Obtaining prey items is closely linked to prey activity and 

respective avoidance behaviors. Adult black rockfish are piscivores, and prey on smaller rockfish, 

euphausiids, amphipods crustaceans, polychaetes, cephalopods, chaetognaths, and jellyfish 

(Washington et al. 1978, Rosenthal et al. 1988, Houk 1992, Love 1991, Bloeser 1999, Lea et al. 

1999). Most feeding periods occur during the daylight or at twilight (Stein and Hassler 1989), and 

there is a dietary overlap with black-and-yellow, gopher, and kelp rockfish (Hallacher and Roberts 

1985). Predators for adult black rockfish include lingcod and yelloweye rockfish (Stein and 

Hassler 1989), sharks, salmon, pinnipeds, marine birds, and possibly river otters (Merkel 1957, 

Morejohn et al. 1978, Antonelis and Fiscus 1980, Rosenthal et al. 1988, Stephens et al. 1984, 

Houk 1992, Love 1996, Bloeser 1999). Overlapping distribution with blue and olive rockfishes in 

the water column and with black and yellow rockfish near and on the bottom (Burge and Schultz 
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1973, Houk 1992) may result in competition although to date no evidence of such competition 

exists.  

 

Summary. 

 Rockfish behavior in general is complex and intricately connected and mediated by the 

physical environment, i.e. temperature, water chemistry, light, turbidity, currents and tidal 

influence.  Habitat therefore might be more appropriately defined as relationships and 

environmental requirements necessary for survival and reproduction (i.e. fitness), and thus should 

include information about biological interactions as well as physical and environmental needs. 

Changes in habitat selection over time given different age classes play an important role in 

population dynamics, and understanding natural mortality rates and recruitment parameters 

specific to each age class is critical in managing populations. From the time rockfish are spawned 

into the environment as tiny larvae (2-4mm) until they reach adult size, they not only require 

favorable oceanographic conditions but also availability of micro-habitats. Associations and 

relationships formed during both stationary (micro-habitat) and migratory behavior are essential to 

the survival of young of the year (YOY) and reef associated juvenile rockfish until they become 

sexually mature and are recruited into adult populations.  

 However, it is impossible to distinguish co-habitation and habitat associations by 

observations of densities and distributions of rockfish in the natural environment (Tissot et al. 

2006). For those reasons it becomes critical to examine behaviors under controlled conditions, 

where most environmental and physical parameters can be held constant. Some juvenile black 

rockfish use estuaries during part of their life cycle, especially in Oregon, and can be readily 

acquired and reared in laboratories for research.  Experimental work has not yet been performed 

to clearly understand the relationships and forces involved in micro-habitat selection. In this 

thesis, specific habitat choices by reef associated juvenile black rockfish with regard to bottom 

type during a diurnal cycle, as well as structure and biogenic components were examined, and 

preference behaviors were tested. Associations and relationships formed during both stationary 

(micro-habitat) and migratory behavior are essential to the survival of juvenile rockfish.  
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Diel behavior and micro-habitat use of juvenile black rockfish (Sebastes 

melanops) 

 Diel activity patterns have been well documented in many terrestrial and aquatic species 

(e.g., Kernohan and Jenks 1996, Fisher 2000, Lüddecke et al. 2000, Chambers et al. 2002, Erst 

2003, Shine et al. 2003, Admasu et al. 2004, Goldsbrough et al. 2004, Martins et al. 2004, 

Sabatés 2004, Shenbrot 2004, Elmore et al 2005).  The evolution of such patterns likely results 

from fitness trade-offs between foraging success (e.g. optimal foraging theory; MacArthur and 

Pianka 1966, Stephens and Krebs 1986, Kamil et al. 1987) and predation risk, and is mediated by 

varying light conditions. The level of predation risk is often related to the temporal variation in 

predator activity (Wahungu et al. 2001), with lower levels of detection and probability of encounter 

at specific times during a 24-h period. This will in turn, affect diel patterns of habitat association 

(Strathmann et al. 2002). Similarly, spatial and temporal heterogeneity in the availability of prey 

items can affect the distribution and activity patterns of predators. It thus becomes advantageous 

to undertake specific activities, such as feeding, resting, migrating, nesting, and mating, during 

specific light conditions (Herrero et al. 2003, Sabatés et al. 2003, Stoner 2003, Almazán-Rueda et 

al. 2004, Poulet et. al. 2005). Additionally, diel changes in light can also determine temporal 

partitioning, which has been postulated to promote coexistence in ecological communities 

(Schoener 1974, Jaksic 1982, Wiens et al. 1986, Richards 2002).   

 In fish, diel activities are known to affect species assemblages, spatial distributions, 

physiological needs, feeding ecology, tidal migrations, reproductive successes, habitat utilization 

and much more (Ryer and Olla1998, Juell et al. 2003, Scheurelle and Schindler 2003, Stoner 

2003, Bayarri et al. 2004). For example, the formation and disintegration of fish schools often 

follow diel cycles. Schooling behavior in lake herring, Coregonus artedi, occurs below the light 

threshold of lake trout, Salvelinus namaycush, the main predator of lake herring, presumably in 

response to predation risk (Milne et al. 2005).  Similarly, schools of herring, Clupea harengus, 

and sprat, Sprattus sprattus, in the Baltic Sea are found to follow contour lines of equal light 

intensity, when migrating at dusk to the surface as they attempt to avoid predatory cod, Gadus 
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morhua (Axenrot et al. 2004). Nilsson et al. (2003) speculate that these upward migrations could 

be an attempt to remain aggregated by keeping local light intensities above a critical threshold. In 

Pacific halibut, Hippoglossus stenolepis, feeding behavior and general locomotor activity are 

mediated by light levels and by the degree of starvation (Stoner 2003), while in yellowtail 

amberjack, Seriola lalandi, changes in light during crepuscular periods appear to stimulate 

appetite (Kohbara et al. 2003). It is thus apparent that diel cycles affect many aspects of fish 

behavior, activity and life history. 

  

 One of the principal behaviors in juvenile fish that are likely to show a diel pattern is 

refuge use because of changes in predation risk from visual predators. Such patterns may be 

particularly pronounced in the benthic stages of marine fishes, such as the rockfishes (Sebastes 

spp.).  For example, young-of-the-year (YOY) rockfish appear to require habitat structure, such as 

small crevices underneath or within larger structures that can provide refuge from larger 

predators or competitors (Doty 1994). Changes in habitat use by fish are often tied to ontogenetic 

shifts as individuals grow with age (Werner and Hall 1988, Carr 1991, Love et al. 1991, Nelson 

2000), and are therefore also determined by growth rate. Rapid growth can be particularly 

important for the survival of juvenile fish (Ellis and Gibson 1995, Biro et al. 2005), as they strive to 

attain a refuge size from conspecific and heterospecific piscivores (Paine 1976). The rate of rapid 

growth is likely to vary based on the suitability of micro-habitat as refuge and the diurnal use by 

juvenile rockfish given the resources contained within (i.e. prey densities). Although the number 

of potential predators diminishes as fish increase in size because piscivores tend to be gape 

limited (Schael et al. 1991, Gerstner 1998, Straile and Halbich 2000, Nowlin et al. 2006), crevices 

and refuge sites remain an important need until adult sizes are reached. Juvenile rockfish are 

mostly preyed upon by visual predators and thus may moderate predation risks by using refuge 

habitat and thus crevices differentially under specific light conditions. Differential diurnal habitat 

use is likely to be most critical during foraging events when refuge needs are traded off against 

physiological needs, and mortality risks tend to increase.  
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 Effective management of rockfish populations in the northeast Pacific, some of which are 

considered overfished and declining (Mills and Rawson 2004), is constrained by an 

understanding of recruitment processes and the role of juvenile habitat in such processes. 

Differential micro-habitat use within a diurnal light cycle is likely to affect mortality rates of juvenile 

black rockfish, and thus becomes important in management considerations. While black rockfish 

(Sebastes melanops) do not fall into the ‘ovefished’ status, they are among the most 

recreationally important species in this region and are managed as such, periodically receiving 

full stock assessments.  Like other rockfishes, however, the habitat needs and relationships of the 

reef-associated juveniles (~ age 1-4 years) remain poorly understood. Thus, agencies constantly 

seek information regarding these life stages to be includeed into management practices and 

assessments.  

 

 Although habitat associations by juvenile rockfish have been observed in the natural 

environment, the vast majority of ROV and submersible work is conducted during daylight hours, 

and micro-habitat use of juveniles at night and during crepuscular periods is difficult to 

investigate. It is only through experimental trials that any direct cause and effect can be 

determined between habitat type and respective diurnal use. This work is unique in that it 

explores direct relationships of reef-associated juveniles with their physical habitat under various 

light conditions (diurnal cycle). Specifically, I examined preferences in habitat use by reef-

associated juvenile black rockfish, Sebastes melanops, during daylight, twillight and night 

conditions.  Two experiments were undertaken to address: (1) whether juvenile black rockfish 

show a light-mediated preference for structure (i.e. boulders over sand substrate); and (2) 

whether such a preference is a function of the availability of refuges (i.e. crevices surrounding 

boulders). The study provides a foundation from which to explore other habitat relationships and 

features important to reef associated juvenile rockfish. 
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Methods 

Fish Collection & Husbandry 

 Juvenile black rockfish were mainly collected by minnow traps (60.96 x 60.96 x 55.88 

cm), hook and line, and beach seine between the months of April and August 2003 in Yaquina 

Bay, central Oregon coast (Figure 2.1). Fish were held in 0.91 m (4 ft) circular tanks in a flow-

through system at the Hatfield Marine Science Center (HMSC) until the experiments commenced 

in the beginning of March 2004. The tanks were devoid of structure and water was maintained at 

a temperature of 9 + 1
o
 C with a salinity of 28-33 ‰. During rearing, the juvenile rockfish were 

initially fed live artemia and then slowly introduced to frozen and prepared food, which included 

fish, euphausids, and “gel-food” that included spinach, carrots, vitamins and supplements.  

 

Experimental Design 

 All experiments were conducted in two 2.13 m circular polypropylene tanks provided with 

flow-through seawater (9.0
o
C + 1

o
C), each of which was isolated from disturbance by curtains 

hung from the ceiling during recording sessions. At the time of the experimental trials, the fish 

ranged from 75 - 131 mm in total length and 6.1- 33.1g in weight. All fish were estimated to be 

between 1-1.5 years old and well within the size range of the typical reef-associated demersal life 

stage.   

   

Light-mediated habitat preference 

 To be able to record fish positions and behaviors during night time condition an Infrared 

lighting system was used.  Each tank was raised off the ground to allow three 60 W LED infra red 

light sources (IR) to be mounted underneath (Ryer and Olla, 1998). Floodlights, as well as LED 

low intensity lights, were mounted in a circle above the tanks to reduce reflection and glare from 

the water. All lights were linked to timers and activated in a manner that replicated a 24 h natural 

cycle. IR sensitivity black-and-white cameras with Computar auto iris vari-vocal lenses were 

mounted from the ceiling over the center of each tank to record fish behavior.  
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 Two different substrates/habitats, separated by a delineated buffer zone, were provided 

within each of the two experimental tanks (Figure 2.2).  A very thin layer (3-5 mm) of 1mm grain 

size sand was evenly distributed across the tank bottoms, which was thin enough to allow for light 

penetration by the three IR lights mounted below. Boulders ranging from approximately 15 - 30 kg 

were equally spaced across one section of the tank bottom to occupy ca. 45% of the area. Five 

haphazardly chosen fish, independent of size, were selected and released at the center of the 

experimental tanks within the buffer zone and allowed to acclimate for ca. 1.5 days prior to 

recording behavior. Fish resumed normal feeding activity within this acclimation period.  

 

To test whether juvenile black rockfish show light-mediated preference for structure (i.e. 

boulders over sand substrate), I recorded the time spent in each habitat under each of three 

different light conditions that replicated a natural circadian rhythm. The daylight period lasted from 

08:00 – 18:00, with a light level of 1.2 x 10 
0
 µmole * m

-2 
* s

-1
. This was bordered at either end by a 

two hour crepuscular period with a light level of 7.1 x 10 
-4

 µmole * m
-2 

* s
-1

, one mimicking a dawn 

environment (05:45 – 07:45) and the other a dusk environment (17:45-19:45). Nighttime fish 

behaviors and activities were captured by using IR lights from 20:45-04:45 with a light level of 

0.05 x 10 
-7

 µmole * m
-2 

* s
-1

.  Data were collected throughout a 24 h daily cycle for each trial. 

Recording periods lasted fifteen minutes and finished on the hour for each session (Table 2.1).  

Fish were fed each day at 12:00 noon. Data for sessions two and three (after feeding) were not 

included in the analyses because light levels varied during those sessions.  Counts of fish 

observed in each of the habitats were recorded once at the end of each minute of recording time. 

The final position of fish was determined from the last video frame in that minute. Not all of the 

five fish were consistently detected during each of the recording sessions, but only those fish 

seen in either of the habitats were counted. 

 

 A total of 72 hrs of video recording were analyzed using six replicate groups of five fish 

each. Count data for each recording session was averaged based on habitat type 

(structure/sand), and the session means were pooled for the data analysis.  Data were not 
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normally distributed, even after several transformations. The Friedman’s Rank Sum test was used 

to test for differences in sequentially recorded sessions (treatments) applied to the same group of 

fish to determine if sessions could be pooled.  

 

 A logistic regression model for binomial counts does not assume normality and pooled 

data were used to examine differences in habitat use. The logistic regression is a generalized 

linear model in which the probability of the mean of the response variable relating to the 

explanatory variable is evaluated through a regression equation (Ramsey and Schaffer 2002).  A 

full model with interaction terms (tank and light effects) was evaluated against a reduced model 

using a drop in deviance test.  The drop in deviance test is identical to the extra-sum-of-squares 

F-test for ordinary regressions but evaluates the residual deviance rather than ordinary residuals 

between two models comparing the resulting statistics to an F-distribution. The drop-in-deviance 

F-test is designed to test whether a single coefficient or whether several coefficients of the 

regression equation is/are all zero.  The resulting F-statistic is compared to an F-distribution 

indicating which reduced model is most appropriate, given the terms tested. Similarly, a drop in 

deviance test was used to find any tank effect. In order to evaluate which model is the most 

appropriate to use for the data, several models were explored and evaluated through a drop in 

deviance test. The drop in deviance tests indicated that there were no differences between the 

full models with tank and interaction terms (tank*ni+ tank*tw) compared to the reduced models 

without those terms (1
st
 Drop in deviance: P1 = 0.87; 2

nd
 Drop in deviance: P2 = 0.38). A small 

tank effect was detected and accounted for in Experiment 1, possibly due to a differential 

detectibility of the fish between the two tank systems. The most reduced model was used to 

analyze differences in habitat use by juvenile rockfish given the three light conditions. Wald’s test 

was used to calculate the confidence interval for ß1 = 0, the (slope) coefficient in the logistic 

regression (Ramsey and Schaffer 2002).  

 
Full model with all interaction terms:  
logit (πi) = ß0 + ß1* light dd + ß2* light tw + ß3* light ni + ß4* tank + ß5* light dd * tank + ß5* light tw 
* tank + ß5* light ni * tank 
 
1

st
 reduced model with tank term:  
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logit (πi) = ß0 + ß1* light dd + ß2* light tw + ß2* light ni + ß3* tank  

The following model was the most parsimonious logistic regression model for binomial counts 

used in final data analysis. 

2
st
 reduced model: 

logit (πi) = ß0 + ß1* light dd + ß2* light tw + ß3* light ni 
 
 

Refuge availability and habitat association  

It was postulated that habitat use might change when refuges spaces/crevices are limited, and 

use of sand may become an alternative strategy in eluding potential predators. To test this, I 

compared the findings of the previous experiment, where a very thin layer (3-5 mm) of 1mm grain 

sand had been used, with that in a second experiment, where a thicker layer (80 – 100 mm) of 

sand was used.  The thickness of the sand in this second experiment filled in crevices underneath 

boulders, which juveniles in the first experiment had used frequently as cover, effectively leaving 

no overhanging edges and other spaces for refuge. Experiment two was carried out in one 2.3 m 

round tank, with boulders distributed to one side in the same arrangement as in experiment one.  

Similarly, five haphazardly chosen fish were selected and released at the center of the 

experimental tank within the buffer zone and allowed to acclimate for ca. 1.5 days prior to 

recording behavior. Only daytime conditions were investigated, because the previous experiment 

showed that this was when refuge behavior was expressed most strongly. Eight recording 

sessions, 30 minutes each, were spaced one hour apart from 09:00 to 20:00 (Table 2.2). Fish 

were fed the day prior to the experimental trial, but not during it. Counts of fish per habitat were 

made at the end of each minute of recording, and the final position of fish was determined from 

the last video frame in that minute. A total of 24 h of video recording were analyzed using twelve 

replicate groups of fish.  

 

Similar to the Light-mediated habitat preference experiment a Friedman’s Rank Sum test 

was performed to test for differences between session means to justify pooling data. Like 

experiment 1, there were no significant differences among recording sessions for experiment 2 

(boulders/day: χ
2 
= 6.2362, df = 7, P = 0.5125). Variances were considered equal (F0.025, 2, 16  = 
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2.297973 and P = 0.8673504} and recording session data were pooled. Pooled fish counts (n = 

15 for Experiment 1, n = 30 for Experiment 2) were examined with a two-sample t-test with 

pooled-variance, deemed appropriate to determine mean differences in habitat occupancy during 

daylight hours between experiments one and two. Although normality assumptions for the 

populations analyzed were not fully met, t-tests tend to be robust against non-normality.  

Heteroscedasticity with regard to sample variances was tested using the maximum variance ratio 

(Fmax-statistics) and compared to Fmax critical values at the .05 level (Sokal and Rohlf 1981). As 

there was no significant heteroscedasticity and sample sizes were sufficiently large, the t-test was 

used to produce approximate test results (Ramsey and Schafer 2002). 

 

Results 

Light-mediated habitat preference 

There were no significant differences among recording sessions within each 

substrate/light regime combination  {boulders/day} χ
2 
= 6.74, df = 7, P = 0.45; {sand/day} χ

2 
= 

7.13 df = 7, P = 0.42; {boulders/night} χ
2 
= 4.92, df = 9, P = 0.84; {sand/night} χ

2 
= 7.32, df = 9, P 

= 0.60;  {boulders/twilight} χ
2 
= 3.4, df = 3, P = 0.33; {sand/twilight}, χ

2 
= 6.46, df = 3, P = 0.09 

(Figures 2.3 a-c)  Sessions were therefore pooled (within each light condition) and replicate 

groups of fish were analyzed using a logistic regression model.  

 

 Habitat association by juvenile black rockfish was mediated by light during the controlled 

experimental trials. A slight tank effect was detected, with the odds of fish being counted in 

boulders being 1.55 times greater in tank 1 than 2 (ß1 tank =  1.5457).  However, there were 

strong indications that day-light conditions increased boulder habitat use by juvenile black 

rockfish (Figure 2.4), after tank effects and light interactions were accounted for. The odds of fish 

being present in boulders during daylight conditions were 7.2 times greater than nighttime 

conditions (ß1 daylight = 7.172) and 3.8 times greater than crepuscular conditions (ß1 crepuscular 

= 3.785). In addition, during daytime light conditions, structure was used extensively and video 

observations indicated that fish also engaged in chases, boulder switches, and short dashes 
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away from the boulders. Fish were also 1.9 times more likely to be present in blouders during 

crepuscular than nighttime conditions (ß2 crepuscular = 1.895).  

 

Refuge availability and habitat association 

  Juvenile black rockfish showed no significant difference in the use of boulder habitat 

between high crevice availability (Exp 1) and low crevice availability (Exp 2) (t16 = 1.164, P = 

0.2615). Juvenile black rockfish did increase in presence for sand and buffer habitat when crevice 

availability was low (Figure 2.5).  

 
 

Discussion 

 Juvenile black rockfish showed a distinct diel cycle in habitat association that varied 

directly with light levels. Fish behaviors observed (i.e. chases, boulder switches, and short 

dashes away from the boulders) could indicate territoriality and/or dominance behaviors, which 

ultimately might regulate populations through density-dependent processes. For many species 

vulnerability to predation increases during daylight hours, particularly if the respective predators 

forage by using visual cues. Juvenile rockfish that inhabit nearshore coastal areas and estuaries, 

like black rockfish, are vulnerable to visual predators , being an important component of the diet 

of many marine fish and estuarine birds (Hedd et al. 2002, Miller and Sydeman 2004).  Relying 

heavily on structure as refuge during daylight conditions can minimize such predation risk. The 

risks of leaving refuge areas and becoming more vulnerable to predators is likely to be traded off 

against starvation and physiological needs (Stoner 2003). Predation risks increase with distance 

away from refuge protection as fish engage in foraging excursions. The spatial location of 

refuges, which provide not only access and proximity to food sources but also fulfill other physical 

and biological requirements, is likely to be important in the habitat selection process. Juvenile 

black rockfish with refuge (crevice) sites in close proximity to foraging areas and prey items may 

occupy “prime property”. Although we have little knowledge of the distribution, size and 

availability of such “prime” habitat sites, site fidelity would lead to defending a refuge after 

occupation. Both, territorial and dominance behaviors, were observed during experimental trials. 
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If certain strategic locations become limiting, then micro-habitat availability may in effect 

determine juvenile population sizes, distribution, and recruitment.   

 

 It stands to reason that a strong association with boulder habitat during daylight 

conditions should exist when predation risks are high, and not at night when the fish become less 

vulnerable. Juvenile black rockfish appeared more willing to venture into open, sandy habitat 

during those night times and often remained in the sandy substrate throughout multiple recording 

sessions. This diel pattern of habitat use is similar to that documented for fish on the shallow, 

inner continental shelf of the Atlantic, where juveniles of various species (e.g. smallmouth 

flounder, Etropus  microstomus, spotted hake, Urophycis regia) use spatially complex habitat 

predominantly during the day and bare sandy habitat at night (Diaz et al. 2003). Given the space 

constraints of a tank environment, it is not readily clear to what extent the diurnal behavior in 

juvenile black rockfish matches those observed in natural settings. Greater presence in sand 

substrate as well as vertical movements and tank circling may also potentially be the result of 

impeded migratory behaviors. Diurnal migratory patterns have been established for yellowtail 

rockfish, which generally school near the bottom at dawn and rise to the surface during the day 

only to disperse at dusk (Stanley et al. 1998). Vertical shifts by juvenile black rockfish within the 

tank were also observed but not quantified. How vertical shifts and stationary behaviors in sandy 

substrates relate to the diurnal habitat shift seen in this study remains to be explored. In general, 

juvenile black rockfish behaviors observed at night differed greatly from those observed during 

day.  Synchronized swimming movements and group formation (schooling), circling tank walls, 

and changes in the vertical distribution in the water column were all witnessed during night time 

conditions, but rarely during daylight. Schooling behavior is often explained as an anti-predation 

strategy, allowing quicker detection of predators during group foraging and generating confusion 

in predators during attacks (Landeau and Terborgh 1986, Theodorakis 1989, Sogard and Olla 

1997, Zheng et al. 2005). Although juvenile black rockfish are likely to encounter the greatest 

predation risks during daylight condition, night time risks might be reduced but not completely 

absent or zero. During nighttime conditions, when foraging excursions and/or migratory 



 

  

34 

movements away from refuge sites may be predominant, predation risk could be minimized by 

schooling behaviors.  

  

 While Experiment 1 (Light-mediated habitat preference) and 2 (Refuge availability and 

habitat association) differed somewhat in nature (i.e. length of recording sessions, feeding during 

experiment and the temporal timing), a comparison of the two still provides insight into the refuge 

behavior of juvenile black rockfish. Overall, I found no differences in the use of boulders based on 

crevice availability in this research. Although “crevice rich property” was extremely limited in the 

Refuge availability and habitat association experiment, juvenile rockfish did not engage in using 

sand as an alternative refuge strategy. Juvenile black rockfish still showed a strong preference for 

boulders even with reduced availability of crevices. This indicates that the affinity for structure in 

black rockfish is likely advantageous for survival and refuge benefits may be independent of, or 

unrelated to crevice availability. Bartholomew et al. (2000) argue that higher structural complexity 

does not only provide direct refuge opportunities, but also functions as an interference 

mechanism: (1) by reducing visibility of prey items; and (2) by impeding access and capture of 

prey items. The model they developed using field and experimental data linked prey survivorship 

to these indices of complexity making it a good predictor for prey survival. Given these findings, it 

is likely that juvenile black rockfish in this study used structure not only as direct refuge but also 

because visibility and access of potential predators becomes impeded. It is clear, that in the 

absence of any other structural habitat components, even those structures with little refuge 

availability are preferable to reef associated juvenile black rockfish over no structure at all.  

 

 In summary, refuge behavior is complex and varied, and can change with physiological 

status and needs (e.g., health and hunger), as well as predator presence and behavior. It is also 

mediated in response to physical parameters, such as turbulence, temperature, salinity and light 

(Shuler et al. 1994, Eklöv and Persson 1996, Ryer et al. 2004). Satiated juvenile black rockfish 

use structure differentially given light conditions and refuge availability during normal 

environmental conditions and low stress levels. Information regarding differential structure use is 
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important in calculating mortality rates, and managing habitat and species. When examining 

habitat use it becomes important to understand the appropriate temporal and spatial scales for 

conservation and management objectives. The preferential use of structured, boulder habitat by 

juvenile black rockfish should also be tested in the natural environment. Use of structured areas 

by juvenile rockfish may depend on how the structures are configured on the ocean floor, the size 

(area) and location of a particular boulder field, as well as distances between separated boulder 

fields.  Similarly, structure use by juvenile rockfish during different physiological states, as well as 

in the presence of predators, should be examined. Boulders of the size used in this study are 

frequently pulled aboard fishing vessels (personal observation) and are therefore consistently 

rearranged during bottom trawl operations. How the rearrangement of boulder fields and 

respective habitat structure impacts juvenile rockfish is unknown. This work provides an initial 

look at juvenile black rockfish behavior in respect to habitat, and therefore lays a foundation for 

future investigations. 

 



 

  

36 

Oregon Estuary Plan Book 1987

µ

0 500 1,000250

Meters

Cobble/Gravel

Mud

Sand

Sand/Mud

Seagrass

Seagrass Bed

Unspecified

E1

S1

P1

R1

R2

S2

P2

 

 
B
u
f
f
e
r 
 
Z
o
n
e 

Figure 2.1. Sampling sites. Collection sites located within Yaquina Bay, central Oregon Coast, for 
juvenile black rockfish used in the experimental trials. 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Experimental design of tanks. The standpipe (shaded circle) and seawater inflow pipe 
(shaded oval) were located within the buffer zone. Eight boulders 15 - 30 kg (white areas) were 
spaced equally within substrate region 1 and sand was spread evenly over both substrate regions 
1 and 2. 
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Figure 2.3 a-c. Light-mediated habitat preference. Mean (+ 1 SE) counts of fish in boulders 
during: (a) daylight (dd); (b) night-time (ni); and (c) twilight (tw) recording sessions in experiment 
1.  All sessions are organized chronologically within each replicate (rep). Replicates 1-3 refer to 
tank 1, while replicates 4-6 refer to tank 2. Sessions 8 & 9 reflect dawn, while sessions 20 & 
21reflect dusk. Data are missing for sessions 22-24 in replicate 4 due to a recording error.  
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Figure 2.4. Light-mediated habitat preference. Differential habitat use (boulders, sand, and buffer) 
by juvenile black rockfish, Sebastes melanops, during a 24 hour diurnal cycle in experiment 1.  
Error bars represent one standard error. 
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Figure 2.5. Refuge availability and habitat association. Habitat structure use of juvenile black 
rockfish, Sebastes melanops, among different habitats (boulders, sand, buffer) comparing 
Experiment 1 (high crevice availability) and Experiment 2 (low crevice availability). Error bars 
represent one standard error. 
 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

# f ish in boulders # f ish in sand # f ish in buffer

m
e
a
n
 f
is

h
 c

o
u
n
ts

High crevice availability (Exp. 1)

Low crevice availability (Exp. 2)

n = 1305

n = 2640

 
 



 

 

39 

Table 2.1. Order and times of recording sessions during a 24 hour period in experiment 1 (Light-
mediated habitat preference). Fish were fed at 12:00 noon each day. Data for sessions two and 
three (after feeding) were not included in the analyses. Each recording session was timed and 
cameras recorded animal positions and behavior continuously for 15 minutes. 
 
 

 
Table 2.2.  Order and times of recording sessions in 
experiment 2 (Refuge availability and habitat 
association). Fish were not fed during recording days 
but prior to those days. Each recording session was 
timed and cameras recorded animal positions and 
behavior continuously for 30 minutes. 
 
 
  
 
 
 
 
 
 
 
 

Session # 
Light 

condition 

Start of 
recording 

time 

1 dd 11:45 

2 Feed 12:45 

3 Feed 13:45 

4 dd 14:45 

5 dd 15:45 

6 dd 16:45 

7 dd 17:45 

8 tw 18:45 

9 tw 19:45 

10 ni 20:45 

11 ni 21:45 

12 ni 22:45 

13 ni 23:45 

14 ni 0:45 

15 ni 1:45 

16 ni 2:45 

17 ni 3:45 

18 ni 4:45 

19 ni 5:45 

20 tw 6:45 

21 tw 7:45 

22 dd 8:45 

23 dd 9:45 

24 dd 10:45 

Recording 
session 

Light 
condition 

Start of 
recording 

time 

1 dd 9:00 

2 dd 10:30 

3 dd 12:00 

4 dd 13:30 

5 dd 15:00 

6 dd 16:30 

7 dd 18:00 

8 dd 19:30 
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Does biogenic complexity shape the habitat associations of juvenile black 
rockfish, Sebastes melanops? 
  

 Biotic habitat may afford many species, including juvenile fish, protection either through 

physical structure or through chemical or biological means, as exemplified by the symbiotic 

interaction of tropical clownfish with anemones (Lubbock 1980, Murata et al. 1986, Fautin 1987, 

Whitfield 2002, Holbrook and Schmitt 2005, Lippsett 2005). Despite considerable research on the 

importance of biotic structure to marine fishes (e.g., Carr 1983,  Ferrell and Bell 1991, Bevelhimer 

1996, Valle et al. 1999, Dean et al. 2000, Jenkins and Hamer 2001, Hindell et al. 2002, Stoner 

and Titgen 2003), our understanding of the contribution of the physical versus the biotic 

components of structure remains poor. In many marine systems, species diversity tends to be 

higher in areas of structural complexity versus bare habitat patches (Husten 1994, Mortensen et 

al. 1995).  Biotic structure in micro-habtats often includes invertebrate species for which little life 

history information exists. For some invertebrates (i.e. sea whips and corals, especially deep sea 

corals), growth rates are slow and longevities can reach 15 to > 300 years (Breeze et al. 1997, 

Andrews et al. 2002, Risk et al. 2002, Wilson et al. 2002). Current impacts on ocean habitats 

(e.g., through fishing and other extraction activities, coastal development and global climate 

change) are diminishing and/or changing areas of biotic micro-habitat at unknown rates. These 

changes are almost certainly affecting other components of the ecosystem, including the survival 

and recruitment of fishes.  

 

Many invertebrates function as biotic structure creating micro-habitats and generating 

relationships that are complicated and multi-faceted. The survival and/or recruitment of juvenile 

fish may relate to both direct and indirect biotic factors. This is illustrated by clownfish of the 

genera Amphiprion spp. that forge direct associations with specific host anemones (Mariscal 

1970, Schlichter 1975, Murata et al. 1986, Holbook and Schmitt 2005, Jones et al. 2005). Access 

to host anemones, however, has been shown to be density depedent, suppressing the 

recruitment and settlement of conspecific and heterospecific juveniles (Schmitt and Holbrook 

2000). Direct associations also exist in several genera and species of pearlfish that use the 
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coelomic cavities of holothurians, starfish and bivalves as hosts (Castro Aguirre et al. 1996, 

Paredes-Rios and Balart 1999, Kloss and Pfeiffer 2000, Parmentier et al. 2000, Parmentier and 

Das 2004, Huber and Felix 2007). The nature of these relationships (i.e. mutualistic, parasitic or 

commensal) often varies depending on the species of fish and respective hosts (Roughgarden 

1975, Thompson 2004, Smith et al. 2004, 2006, Sazima et al. 2005). Indirect biotic factors can 

also shape communities (Losey and Margules 1974, Cheney and Cote 2003, Reichard et al. 

2004) as seen in the long term effects of soft coral densities on reef fish communities (Syms and 

Jones 2000, 2001). While soft corals do not directly affect such communities, they do influence 

the distribution and densities of structure-forming hard corals which affect larval fish recruitment 

to the reef (Syms and Jones 2001). A difficulty with most investigations of biotic associations 

involving fish and invertebrates is that a direct functional relationship is difficult to establish by 

observation alone. Observed associations may be largely or wholly an effect of co-inhabitation 

rather than a functional relationship (Tissot et al. 2006). Thus, to determine the presence of a 

direct relationship between biotic habitat and juvenile fish will frequently require controlled 

experiments, where physical parameters can be controlled and the variable(s) in question 

manipulated. 

   

 In temperate waters, on the west coast of North America, the genus Sebastes, with an 

estimated 72 species, has the greatest diversity among fish genera (Boehlert and Yamada 1991, 

Kendall 1991).  Rockfish are a group of marine fishes often found to reside in a variety of complex 

high and low relief areas, including large boulder fields, cliffs, canyons, rock piles, sea mounts, 

gravel and pebble beds, and sand-mud habitats (Stein and Hassler 1989, 1989Matthews 

1990a,b, Murie et al. 1994, West et al. 1994, Haldorson 1986, Yoklavitch et al. 2000, Love et al. 

2002). Within such areas they are found to associate frequently with abiotic structure, such as 

rock crevices and other forms of rocky relief, as well as with sessile invertebrates (e.g., 

anemones, gorgonians, corals, hydrocorals, sea stars, sponges, sea whips and bryozoans; 

Carlson and Straty 1981, Love et al. 2000, Brodeur 2001, Heifetz 2002, Krieger and Wing 2002, 

Freeze and Wing 2003, Tissot et al. 2006). Such micro-habitat use is likely to differ on spatial and 
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temporal scales. Juvenile rockfish must strike a balance between refuge and/or foraging needs, 

because predatory species are diverse and numerous, including piscivorous fish (e.g., salmon, 

lingcod and adult rockfish; Hallacher and Roberts 1985, Shaw and Hassler 1989, Hobson et al. 

2001) and aerial predators (e.g., guillemots, cormorants, common murres and herons; Ainley et 

al. 1981, 1993, 1996).   

  

 Knowledge of the parameters involved in the selection and use of structured habitat by 

juvenile rockfish is important in our understanding of recruitment processes (Carr 1994, Doty 

1994). For example, crevices and cracks have been shown to be important elements in habitat 

selection (Larson 1980, West 1994), offering predator protection (Carlson and Haight 1976), and 

may be used extensively by young-of-the-year (YOY) rockfish (Doty 1994). Similarly, Haldorson 

and Richards (1986) hypothesized that reduced shelter availability and/or prey densities result in 

reductions in the use of kelp habitat by juvenile copper rockfish, S. caurinus, and that reef areas 

with appropriate biotic components (kelp and macrophytes) enhance first year survival. Reese 

(1998) showed experimentally that differential habitat selection by YOY rockfish was affected by 

the presence versus absence of a predator. Predation on YOY rockfish by piscivorous fish has 

been found to be dependent on prey density, particularly during early summer (Hobson et. al 

2001). In contrast to adult rockfish, juveniles not only have a greater need for spatial refuges, but 

may also contend with higher levels of competition for access to such microhabitats. For 

example, aggression and dominance have been reported to be important in territory 

establishment of gopher rockfish, Sebastes carnatus and black-and-yellow rockfish, S. 

chrysomelas after initial settlement into bathymetrically preferred habitat (Larson 1980). Thus, 

refuge availability (crevices and biotic structure) may exert a strong influence on juvenile 

abundances, densities and distributions of rockfish species that have such needs, such as the 

black rockfish, and this may have profound implications for survival and year class strengths.   
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 Black rockfish (Sebastes melanops) are considered a shallow reef, midwater species that 

spawns during the winter months, with parturition occurring between January and June, and 

peaking during February off the Oregon coast (Kendall and Lenarz 1987, Wyllie Echeverria 1987, 

Bobko and Berkely 2004). Fully developed larvae disperse in the plankton for several months 

(Kendall and Lenarz, 1987), where they are widely distributed both temporally and spatially 

(Moser and Boehlert 1991, Buckley et al. 1995, Pasten et al. 2003). At parturition, larvae are 

about 5.5 mm long (Boehlert and Yoklavich 1983) and remain pelagic to lengths of up to 40-50 

mm, after which they settle into a benthic environment (Laroche and Richardson 1980, Johnson 

et al. 2001). This includes estuaries and nearshore rocky reef environments, and areas with 

seagrass (Zostera spp.) and kelp (Nereocystis spp. and Macrocystis spp.) structures (Miller and 

Geibel 1973, Bodkin 1986, Carr 1994). The fish may remain in such environments for an entire 

year, foraging on zooplankton and crustaceans (Leaman 1976, Love et al. 1991). They exhibt an 

ontogenetic shift to deeper waters as they grow (Matthews, 1990a), with larger juveniles (6-15 cm 

long) thought to live in holes and crevices (Gascon and Miller 1982a, b). Survivorship during 

these post-pelagic stages appears to be an important contributor to recruitment variation (Jones 

1991, Tupper and Boutilier 1995a, b). Juvenile black rockfish compete with other species for reef 

refuge (Gascon and Miller 1982a, b) and density-related predation can dampen interannual 

variation in year class size (Ralston and Howard 1995). Despite its importance, little is known of 

the distribution and habitat needs of reef-associated juvenile black rockfish prior to the size at 

which they begin being caught in commercial and sport fisheries (Wallace et al. 2007).  The 

specificity, duration and the role of biotic structure in habitat associations can mediate mortality 

rates in specific age classes, and understanding of these parameters is needed to refine 

management strategies (Mace et al. 2001, Wallace et al. 2007).  

 

In this study, I tested whether juvenile black rockfish, Sebastes melanops, prefer habitat 

with higher structural complexity over lower complexity.  Furthermore, I explored whether habitat 

use was a function of added structure only, or whether a biotic aspect contributes to habitat 

choices. A controlled experimental approach was used such that shifts in habitat association by 
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the juvenile fish reflect differing habitat choices.  I compared my experimental results with 

observations of habitat use by juvenile rockfish in their natural environment, which were 

quantified through video data collected by a remotely operated vehicle (ROV) at Cape Perpetua, 

Oregon, during 2000 and 2001. 

 

Methods 

Fish Collection & Husbandry 

 All juvenile black rockfish for the controlled experiments were collected between April - 

August 2003 in Yaquina Bay, central Oregon coast. Fish were held at the Hatfield Marine Science 

Center in a flow-through system and reared until they reached the demersal life stage.  During 

this grow-up period, all fish were held in tanks devoid of substrate and structure, and fed a 

diverse diet (see Chapter 1 for details). 

 

Experimental design 

Two sets of experiments were conducted to address: (1) whether juvenile black rockfish 

show preference for structural complexity (i.e. plain boulders over boulders with anemones 

attached); and (2) if such a preference exists, whether it is the function of a biotic component (i.e. 

real anemones over plastic replicates of anemones). At the time of the experiments, the fish were 

between 1.0 – 1.5 years old and ranged from 75 – 131 mm in total length and 6.1 – 33.1g in 

weight, being well within the size range of a typical demersal life stage.  Groups of five juvenile 

fish were used per trial, with each group being new to the experiment and trial; i.e. no group was 

used repeatedly.  For both experiments, animals were kept in 2.13 m circular polypropylene 

tanks, which were isolated from disturbance by heavy, black curtains hung from the ceiling. For 

the structural complexity experiment, two identical tanks were used simultaneously, while for the 

biotic component experiment a single tank was used.  Five fish were selected haphazardly and 

released at the center of the experimental tanks within the buffer zone (Figure 3.1). Fish were 

introduced to the experimental tank 1.5 days before trials began and resumed normal feeding 

during this acclimation period. Fish were fed the day prior to each experimental trial, but not 
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during the trial. Each group of fish had a choice of two different substrates/habitats in the tank, 

with a narrow buffer zone between the substrates.   

 

Structural Complexity Experiment  

 To address the degree to which structural complexity influences habitat association of 

juvenile black rockfish, I compared the use of habitat consisting of plain boulders to that 

consisting of anemones attached to boulders.  A thick (80 – 100 mm) layer of the sand was 

distributed throughout the bottom of the experimental tanks eliminating crevice space available 

underneath the boulders.  Buried into the sand, boulders (15 - 30 kg) without attached structure 

were distributed evenly over half of the area and similarly sized, boulders with attached biotic 

structure (sea anemones, Metridium spp.) were distributed evenly over the other half. White 

plumed anemones occur as two species on the west coast of North America, Metridium farcimen 

and M. senile fimbriatum, which are visually indistinguishable and have overlapping distributions. 

For the purposes of our experiments, it seemed unnecessary to identify them to a species level. 

All the experimental animals were collected by scuba in Yaquina Bay. The first recording session 

began at 09:00 hrs and the last session ended at 20:00 hrs. Video recordings were made during 

eight sessions, 30 minutes each, spaced one hour apart (Table 3.1). All recording sessions were 

completed within each recording day. During these sessions, counts of fish in each habitat were 

made for each minute of recording/observation, and fish position within a habitat was determined 

from the last video frame of that minute. A total of 24 hours of video recording were analyzed 

using twelve replicate groups of fish. Count data for each recording session were averaged and 

the session means were used in the data analysis.  

 

 Given the sequential nature of the data, a Friedman’s Rank Sum test was performed to 

test for differences between session means within each day and identify if sessions could be 

pooled. Similarly, a replicated goodness of fit test or heterogeneity G-test (Sokal and Rolf 1981) 

was used to examine statistical differences among replicates (i.e. different groups of fish). If no 
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statistical differences existed among replicates, data were then collapsed and pooled not only 

across sessions but also across replicates for final analysis using an extrinsic chi-square test.  

 

Biotic Component Experiment 

 Methods for this experiment were identical to that of the previous experiment (see 

Structural Complexity Experiment), except the habitat afforded to the YOY juvenile black rockfish 

differed. Boulders with live anemones (Metridium spp.) were distributed evenly over half the tank 

bottom and boulders with plastic replicas were distributed in a similar pattern over the other half. 

Plastic replicas resembled their biotic counterparts closely in height, structure and configuration 

(Fig. 3.1).  Boulders were drilled with a masonry bit, and a screw type extension at the base of 

each replicate was glued into the drilled holes with a marine epoxy cement (48 hr curing time) two 

weeks prior to the experiment.  All boulders with replicas were subsequently submerged in sea 

water, such that any potential chemical cues could dissipate prior to any fish trials.  Statistical 

analyses followed that described for the Structural Complexity Experiment. 

 

Juvenile Rockfish Habitat Associations at Cape Perpetua 

 To further evaluate patterns of juvenile black rockfish habitat association and support the 

experimental work, quantification of recordings made in the natural environment were 

undertaken. Through ROV videos it was possible to compare particular habitat features (biotic 

and abiotic) with rockfish presence or absence.  The Oregon Department of Fish and Wildlife 

(ODFW) collected yearly ROV video data for the Cape Perpetua reef starting in the year 2000 

(Amend et al. 2001) (Figure 3.2). Video recordings included overlays of time, depth and heading. 

Video data were subsequently reviewed by ODFW managers and recorded into a FoxPro data 

base, which included information regarding habitat type, schooling behavior, fish taxa and fish 

count. Because juvenile rockfish could not readily be identified to species, they were counted and 

entered as unidentified juvenile rockfish. Habitat types were classified by substrate type and relief 

as outlined in Fox et al. (1999) (Table 3.2). Two, randomly stratified samples of 40 frames by year 

were selected from the 2000 and 2001 Cape Perpetua database. Samples were selected based 
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on the ODFW time entry in the database, which were then matched to the video date time stamp 

using appropriate corrections for the drifting of the time stamp. The first 40 frame sample was 

chosen based the presence of a minimum of 10 juvenile rockfish, while the second sample was 

chosen based on the absence of juvenile rockfish. For each of the video samples, invertebrates 

greater than 3 cm (i.e. anemone, sea stars, crinoids, corals, mollusks) were counted and the data 

added into a new database (Table 3). Size estimates were made using points generated by two 

lasers mounted on the ROV at a predetermined distance from one another. Invertebrates 

documented in the video samples included the following species: white-plumed or plumose 

anemone, Metridium spp.; unidentified sea anemone; sea cucumber, Parastichopus californicus; 

unidentified sea star; sunflower star, Pycnopodia helianthoides; and unidentified coral species.  

Invertebrate counts were then compared by species between the samples where juvenile rockfish 

were present versus absent using a Welch’s modified t-test.  This tests whether the biotic 

structure Metridium spp. is more abundant at sites where juvenile rockfish are abundant, as 

opposded to absentfor each of the randomly selected samples assuming unequal variances. 

 

Results 

Structural Complexity Experiment 

 There were no significant differences among recording sessions with regards to habitat 

association (Friedman’s rank sum tests: Boulders χ
2 
= 2.33, df = 7, P = 0.939; Anenomes χ

2 
= 

10.26, df = 7, P = 0.1743; Figure 3.3). Moreover, there were no significant differences among 

groups of fish (replicates) in their pattern of habitat use (G = 11.736, P = 0.384; Figure 3.4). Thus, 

count data were pooled (sum of counts) across sessions and replicates to evaluate habitat 

preferences. Juvenile black rockfish were counted more frequently in boulder habitat with 

additional structure (i.e. Metridium spp.) to that without additional structure (x
2
 = 2165.68, df = 1, 

p < 0.001; Figure 3.5). 
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Biotic Component Experiment 

 As in the previous experiment, there were no significant differences among recording 

sessions (Friedman’s rank sum tests: Real anemones χ
2 
= 9.941, df = 7, P = 0.192; Anemone 

Replicates χ
2 
= 5.061 df = 7, P = 0.6525; Figure 3.6). Nor were there any significant differences 

among the groups of fish (replicates) in their pattern of habitat use (G = 5.75, P = 0.890; Figure 

3.7). Thus, the count data were pooled (sum of counts) across sessions and replicates to 

evaluate habitat preferences. Juvenile black rockfish showed a significant association with 

boulder habitat having biotic components (i.e. Metridium spp.) over boulder habitat with the same 

structural construct using plastic replicas (χ
2
 = 4096.92, df = 1, P < 0.001; Figure 3.8).   

 

Juvenile Rockfish  Habitat Associations at Cape Perpetua 

 Metridium spp. were found to be more abundant at sites characterized by large numbers 

of unidentified juvenile rockfish than at sites where juvenile rockfish were absent across the ROV 

transect sites from Cape Perpetua in 2000 and 2001 (Fig. 3.9). (Welch’s modified t-test; t = -7.01, 

df = 40, P < 0.0 01). Mean counts (µ count when juveniles present = 22.95) or densities of Metridium 

spp. were significantly greater when juvenile rockfish were present versus when they were absent 

(µ count when juveniles absent = 1.85). Similarly, juvenile rockfish showed a positive association with 

unidentified sea stars (Welch’s modified t-test; t = 2.16, df = 69, P = 0.035). However, juvenile 

rockfish did not display significant associations with other invertebrates tested, including other 

anemones (Welch’s modified t-test; t = -0.402, df = 45, P = 0.6899), unidentified corals (Welch’s 

modified t-test; t = -1.875, df = 39, P = 0.068), Dungeness crab, Cancer magister, (Welch’s 

modified t-test; t = 0, df = 78, P = 1.0), California sea cucumber, Parastichopus californicus, 

(Welch’s modified t-test; -0.424, df = 77, p = 0.673), and the sunflower sea star, Pycnopodia 

helianthoides, (Welch’s modified t-test; t = 1.824, df = 59, p = 0.073). 
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Discussion 

 The experiments showed that juvenile black rockfish (Sebastes melanops) in their post-

settlement phase associate not only with physical structure, but also preferred to do so with 

specific biotic components. Because I was able to control physical components of the 

environment (i.e. flow, temperature, salinity, etc.) these associations most likely reflect behavioral 

choices by the fish. The findings concur with other experiments demonstrating  associations by 

fish to habitats with not only physical structure, but also structure-creating, sessile invertebrates 

(i.e. natural sponges, bryozoan mimics, bivalve shells, and sand waves; Manderson et al. 2000, 

Schofield 2003, Stoner and Titgen 2003, Ryer et al. 2004). Structure can be important for 

providing refuges and reducing predation risk, particularly for juvenile fish during a stage or period 

of accelerated growth (e.g., Crowder and Cooper 1982). Mortality generally decreases with size 

and conditions leading to faster growth depend largely on species-specific relationships with their 

environment (Schiesari et al. 2006). Thus, availability of preferred habitat and how space 

allocations are made can potentially change growth rates and affect age class dependent 

mortalities. The availability of refuges, however, is likely contingent not only on the amount, but 

also the complexity of the structure, which may consist of multiple layers of physical or biotic 

components or combinations thereof. In this study, increasing structural complexity through the 

addition of the invertebrate, Metridium spp., demonstrated that multiple components are important 

in shaping habitat preference. At the community level, complexity of structure has also been 

shown to correlate with the density and diversity of cryptic reef fishes (Willis and Anderson 2003). 

Structurally complex habitats are thus important ecologically and are likely to be mediated by 

multiple factors including inter- and intra-species competition as well as predator-prey 

relationships.   

  

 Invertebrates not only increase the structural composition of a reef, but also contribute to 

habitat through their biotic nature. This work demonstrates that when given a choice between 

structurally identical parameters but of a differing biotic components (i.e. biotic versus abiotic), 

juvenile black rockfish preferred the biotic structure. Although the nature of this research was not 
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conducive for establishing a causal relationship between juvenile black rockfish and their biotic 

habitat, aspects of mechanical or chemical defense afforded by Metridium spp. against predators, 

or advantages in health and/or growth, or combinations of these factors may be involved.  Most 

cnidarians use nematocysts for both feeding and protection, mechanically sticking to or injecting 

toxins into prey organisms (Phillips and Abbott 1957, Sikkel et al. 2005). Juvenile rockfish 

associating with such invertebrates may find secondary protection based on this specific 

defense/predation system, or may scavenge prey items not used by the anemone.  

 

 Fish distributions, densities and recruitment into adult populations can all be affected by 

the availability and distribution of structural and biotic habitat. The availability of refuge and 

shelter may in fact regulate the size of populations for a variety of species (Menge and 

Lubchenco 1981, Mittlebach 1981, Werner et al. 1983, Caddy 1986, Caddy and Stamatopoulas 

1990, Eggleston et al. 1990, Hixon and Beets 1993, Eggleston 1995).  Regardless of the nature 

of habitat associations of juvenile rockfish, it has been shown that biotic aspects can be critical in 

the habitat choice of some organisms. For example, the brittlestar, Ophiothrix lineate, 

preferentially selects live sponge habitat over a non-living refuge with its sponge host, 

Callyspongia vaginalis, (Henkel and Pawlik 2005). Female crabs, Mithrax forceps, experience 

increased growth rates in association with the live coral, Oculina arbuscula, than in association 

with structurally equivalent dead corals (Stachowicz and Hay 1999). As habitat associations 

become more specific, providing advantages to the survival of a specific age class through 

differing mechanisms, availability of this ‘higher quality’ habitat tends to decrease becoming 

increasingly scarce with heightened specificity. This alone could lead to density-dependent 

regulation and a demographic bottleneck (Caddy 1986, Caddy and Stamatopulas 1990, Whale 

and Steneck 1991, Beck 1995). Fishing operations, particularly trawling, impact the nature of 

reefs through re-distribution of boulders and damage to other structures including sessile 

organisms (Watling and Norse 1998, Auster and Langton 1999, Collie et al. 1997, 2005, Jennings 

and Kaiser 1998, Kenchington et al. 2001, National Research Council 2002, Wassenberg et al. 

2002), thus decreasing available habitat and potentially further exasperating demographic 
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bottlenecks. Thus, knowledge of the biotic parameters of fish habitat associations will not only be 

important in the understanding of recruitment processes, but also in the management and 

rebuilding of declining populations and stocks.  

 

Extending findings from laboratory experiments to nature needs to be done cautiously. To 

that end, I used ROV video data in an attempt to ground truth our experimental results. The 

results indicated that juvenile rockfish (unidentified, but most likely including Sebastes melanops) 

off the Oregon coast have a positive affinity for Metridium spp., as well as unidentified sea stars. 

Habitat associations in nature have been explored for many different species of fish (e.g. Sogard 

and Able 1991, Valle et al 1999, Dean et al. 2000, Murphy et al. 2000, Stoner and Titgen 2003, 

Willis and Anderson 2003), including rockfish (e.g. Larson 1980, Carr 1994, Love et al. 2000, 

Yocklavich et al. 2000, Brodeur 2001). However, it is difficult to infer causal relationships from 

these types of investigations.  While rockfish species often appear to associate with invertebrate 

structure in the natural environment (Brodeur 2001, Fosså et al. 2002, Heifetz 2002, Krieger and 

Wing 2002, Tissot et al. 2006), co-habitation cannot be ruled out by observation alone. 

Organisms often overlap in their biological requirements and therefore establish overlapping 

niches. Thus, the combination of laboratory experimentation and observation from nature 

provides results indicative of a causal relationship between the presence of juvenile rockfish and 

structure-creating, sessile invertebrates. Although juvenile black rockfish could not be definitively 

identified from the ROV video, mixed schools of more than a hundred individuals of various 

rockfish species were observed. Given my laboratory findings with black rockfish, it is likely that 

the association of these schools with Metridium spp. is a function of the biotic structural 

complexity offered, suggesting that the patterns may extend to other rockfish species as well.  

 

 It is evident that habitat utilization by YOY rockfish is a complex issue and in the face of 

changing oceanic conditions, rising sea temperatures and general global warming, many 

invertebrates will become affected. Synergistic effects between environmental changes and 

changes due to human activities, e.g. commercial fishing, pollution and coastal development, are 
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likely to alter the global distribution of many invertebrates and corals (Morgan et al. 2005, 

Guinotte et al. 2006). It is thus critical to explore the specificity of habitat associations not only 

with anemones but also other long-lived sessile invertebrates.  Future research exploring the 

biotic components in the natural environment might include a design where differential 

experimental units and constructs are placed into the ocean environment. Although Metridium 

spp. are dominant species found in many shallow continental shelf areas off the northeast Pacific 

coast and black rockfish have a similar distribution ranging from Alaska to Baja California, it is 

likely that multiple species of invertebrates might be used over time during post-settlement 

periods. Thus, interactions, associations and relationships are size/age specific providing survival 

advantages of various forms.    
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   Substrate 1           
          Substrate 2 
          
            

Figure 3.1 a-b. Experimental tank design. Eight boulders (white areas) were evenly arranged on 
both sides of the tank, with a narrow buffer zone encompassing the water inflow pipe and the 
drain pipe in the center of the tank. a. For the Structural Complexity Experiment, Metridium spp., 
were attached to the boulders on one half of the tank as added structure. b. For the Biotic 
Component Experiment, the boulders on one side of the tank had Metridium spp. attached, while 
those on the other side had manufactured replicates of Metridium spp. attached. 

 
 

a.      b. 
 
 
 
 
 
 
 
 
 

 

 

 

 
Figure 3.2. Location of ODFW ROV dives off Cape Perpetua.   
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Figure 3.3. Use of structured habitat by YOY black rockfish in the Structural Complexity 
Experiment. Data are mean (+ 1 SE) counts of fish per substrate for each daily session pooled 
across all replicates. Habitat complexity was added by attaching anemones, Metridium spp., to 
plain boulders on one side of the experimental tank.  
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Figure 3.4. Structure use by YOY black rockfish by replicate in the Structural Complexity 
Experiment. Data are mean (+ 1 SE) counts of fish per substrate pooled across sessions. Habitat 
complexity was added by attaching anemones, Metridium spp., to plain boulders on one side of 
the experimental tank. 
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Figure 3.5. Use of structured habitat by YOY black rockfish in the Structural Complexity 
Experiment. Data are mean (+ 1 SE) counts of fish per substrate across all replicates and 
recording sessions. Habitat complexity was added by attaching anemones, Metridium spp., to 
plain boulders on one side of the experimental tank. 
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Figure 3.6. Habitat use by YOY black rockfish by recording period in the Biotic Component 
Experiment. Data are mean (+ 1 SE) counts of fish per substrate across all replicates. Live 
anemones were used as the biotic component on one side of the tank while plastic replicates of 
Metridium spp. were added to the other. All anemones were attached to boulders. 
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Figure 3.7. Habitat use by YOY black rockfish by replicate in the Biotic Component Experiment. 
Data are mean (+ 1 SE) counts of fish per substrate pooled across sessions. Live anemones 
were used as the biotic component on one side of the tank while plastic replicates of Metridium 
spp. were added to the other. All anemones were attached to boulders. 

 

 
Figure 3.8. Habitat use by YOY black rockfish in the Biotic Component Experiment. Data are 
mean (+ 1 SE) counts of fish per substrate across all replicates and recording sessions. Live 
anemones were used as the biotic component on one side of the tank while plastic replicates of 
Metridium spp. were added to the other. All anemones were attached to boulders. 
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Figure 3.9. Juvenile Rockfish Habitat Associations at Cape Perpetua. Data are mean counts + 1 
SE of invertebrate species from 40 randomly selected frames (by time) of video recording where 
10 or more juvenile rockfish were present and 40 frames where juvenile rockfish were absent. 
Video recordings were from ODFW ROV transects conducted at Cape Perpetua in 2000 and 
2001.  
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Table 3.1.  Recording sessions during the laboratory experiments (daylight conditions = dd). Fish 
were not fed during recording days. Each recording session was timed and cameras recorded 
animal positions and behavior continuously for 30 minutes. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
Table 3.2. ODFW classification of habitat types during ROV surveys as developed by Fox et al. 
(1998). 
 

 

Substrate Code Interpretation 
Micro-relief 
Modifiers 

        

"Level" rock F 0 - 45
O
 L (low), H (high) 

"Sloping" rock R > 45
 O

 L (low), H (high) 

        

Sm. Boulder B .25 - 1m   

Lg Boulder L 1 - 3m   

        

Cobble C 64 - 250 mm   

Gravel G 2 - 64mm   

Sand S 0.06 - 2mm   
 

Recording 
session 

Light 
condition 

Start of 
recording 

time 

1 dd 9:00 

2 dd 10:30 

3 dd 12:00 

4 dd 13:30 

5 dd 15:00 

6 dd 16:30 

7 dd 18:00 

8 dd 19:30 
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Table 3.3.  Randomly selected sampling points with 10 or more juvenile rockfish present. The 
video data derive from ODFW ROV transects conducted at Cape Perpetua from which counts of 
juvenile rockfish (JUV ROCK) and invertebrates were made. 

  

TRAN_TIME 
JUV 

ROCK 
Anemone 
metridium 

Anemone 
unidentified 

Sea 
cucumber Sea Star 

Sun 
Star Crab 

Coral 
spp 

1.1C13:37:30 30 13  1     

1.1C13:36:50 25 6  1     

1.1D9:24:34 14 9  2     

1.3B11:35:04 50 14  3 1    

1.3B11:26:15 35 26  8 1 1   

1.3B11:24:54 25 2  22  1   

1.3B11:40:35 11 10   1   3 

1.4A12:00:42 26 29  7 1 1 1  

1.4A12:02:24 17 5  3  1  6 

1.4A12:01:30 15 2  13  1  7 

4A8:58:18 15 65  4 1   2 

1.2a14:54:00 25 11       

1.2a14:55:00 15 2  2     

1.2a14:57:00 21 18  1  1   

1.2a14:58:00 20 9       

1.2a15:00:00 50 16  2 1    

1.2d14:21:00 17 33 12   1   

1.2d.c12:48:00 100 1  1     

1.2d.c12:50:00 20 7   2 1   

1.2d.c12:53:00 62 36  2     

1.2d.e12:26:00 20 19  2  1   

1.2d.e12:28:00 25 41  1     

1.2d.e12:42:00 15 16  1 2    

1.2d.e12:43:00 36 13  2 3    

1.3e14:08:00 150 38  1  1   

1.3e14:09:00 36 16 1 10 1    

1.4a13:30:00 100 9  5 2    

1.4a13:31:00 32 20  6 5 1   

1.4a13:33:00 78 4  2     

1.4a13:33:01 97 39  2  1   

1.4dko8:45:00 20 28    1   

1.4dko8:47:00 11 21  4     

1.4dko8:51:00 26 43  3 1    

1.4dko9:00:00 11 72  2 1    

1.4dko9:02:00 55 31  9     

1.4dko9:05:00 100 12  4 1    

1.4dko9:06:00 40 14  11     

2d13:12:00 15 63   2    

4a11:00:00 20 58   1 1   

4a11:01:00 23 47   1    
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General Conclusion 

 Marine habitats need to be understood in an ecological context as relationships and 

associations formed with the physical and biogenic environment. As such, it becomes important 

to explore and define features which are important in the survival of a population and/or species. 

Identifying relationships that are established between two or more organisms not only aids in 

producing better predictions by current ecological models but also enhances management 

options by maintaining ecological cohesiveness.  

 

 In this work, four separate and sequential controlled experiments were undertaken 

examining physical and biotic habitat choices and thereby building knowledge about the behavior 

of juvenile black rockfish Sebastes melanops. Juvenile black rockfish showed different habitat 

preferences based on light conditions, as well as the nature of complex biogenic structure. 

Presence of fish in sand habitat increased significantly during noctural conditions, which might be 

attributed to foraging, exploratory excursions. The behaviors displayed in sand habitat also 

differed greatly from those observed in the boulder environment. Individual animals were more 

likely to swim in groups, spend longer periods of time sitting motionless against the sand, and/or 

engaged in a slow circling of the tank walls often changing their vertical position (personal 

observation). These observations appear somewhat contrary to observations by Stein and 

Hassler (1989), who reported on small rockfish remaining within kelp beds close to the bottom 

during night time conditions. However, the presence of benthic juveniles over sand was 

documented by Laroch and Richardson (1980). Activity levels for juvenile black rockfish among 

boulders appeared much higher during day than during night time conditions (personal 

observation). Although the number of boulders used in the experiments exceeded the number of 

juvenile black rockfish in the tank, short distance dashes between structure, social displays, overt 

aggression and/or territoriality were observed in individuals of all groups. Aggressive behavior 

and territoriality are often indicators of density-dependent factors, which can exert strong 

pressures on populations, especially if preferred habitat becomes limited (Gascon and Miller 

1982a, b, Doherty 1991,1994, Beck 1995, Caley et al. 1993, 1996).  
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 If preferred micro-habitat patches are sparse and distributed over large distances, post-

settlement demersal juveniles arriving earlier at a larger size would increase their chances of 

survival. Early settlement into structurally complex habitat (i.e. prior resident advantage; Beukers 

and Jones 1997, Retzel 2007) and rapid juvenile growth can increase an individual’s ability to 

occupy and defend a choice habitat. Thus, the race to the best rock/boulder in the right reef may 

begin as early as parturation. Older and larger female black rockfish are known to parturate 

earlier in the season with larger more robust larvae (Bobko and Berkeley 2004), increasing the 

potential refuge advantage for their offspring. Variation in the spatial and temporal scale of habitat 

structure and the specific nature of such structure is likely to have significant effects on intrinsic 

recruitment, regulating and limiting “prime property” and as such acting as a density dependent 

factor (Duffy-Anderson et al. 2005). 

 

 In this research it was found that ‘prime property’ for juvenile black rockfish not only 

includes structural complexity, but also a specific biotic component provided by Metridium spp..  

Although, causes for this preference were not explored they could include secondary protection, 

health benefits and/or foraging advantages. Commensal and mutualistic relationships occur often 

in the marine environment, with the symbiosis of the clownfish Amphiprion spp. and its anemone 

host providing a classic example (Jones et. al 2005). At the population level, juvenile fish from the 

Fenwick Shoal region offshore of Maryland and Delaware, U.S. were found to preferentially 

associate with biotic structure. When examining high patch-mat tube densities (dense patches or 

continuous cover of tubes or organisms, mostly Diopatra cuprea and Asabellides occulata) to 

either lower densities or complete absence of biogenic structure, fish incidence increased by 5.4 

and 3.3 times, respectively (Diaz 2003). This indicates that sometimes small differences in micro-

habitat structure can determine marginal or unacceptable habitat over essential habitat for 

juvenile fishes.   
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 High variability in adult rockfish populations is traditionally attributed to passive dispersal 

and retention mechanisms causing high larval mortality rates during the pelagic stage thus 

determining year class strength. However, clownfish Amphiprion polymnus, for example, have a 

9-12 day pelagic larval duration yet settling juveniles return in close proximity to their natal areas 

(Jones et. al 2005), suggesting active (not passive) retention mechanisms for a specific habitat.  

Similarly, demersal juvenile black rockfish collected in the same geographic location, but with 

vastly different parturition dates (Miller and Shanks 2004) also suggests active recruitment. If 

passive dispersal was the only mechanism for this species, larvae with early parturition dates 

would be subjected to different oceanic regimes and transport (e.g. currents), over larvae with 

late parturition dates, thus settling in vastly different geographic locations. Although high 

mortalities during the pelagic stage may explain a large percentage of the variability observed in 

adult stocks, mortality risks can also be linked to refuge needs (Beukers and Jones 1997). 

Mounting evidence suggest that post-settlement demersal mortalities may influence population 

dynamics significantly, and density dependent factors have been shown to regulate post-

settlement mortalities in some species (e.g. plaice; Van der Veer 1986). Larval settlement for 

example, was not found to be the determining demographic process for producing variability in 

the population abundances of the cunner, Tantogolabrus adspersus (Levin 1993, 1994), where 

post-settlement mortality was higher than 99%. Carr (1994) found a strong correlation between 

larval recruits and Macrocystis blade complexity for kelp bass, both dependent and independent 

of larval supply. Caley et al. (1996) argue that local population sizes cannot be determined 

without incorporating mortality patterns during early settlement and subsequent demersal stages. 

A better understanding of causes of the variation of production, survival of larvae, transport 

mechanisms and habitat selection is needed. Even minor changes in post-settlement mortality 

can significantly affect recruitment, year class strength and ultimately, adult population sizes 

(Warner and Hughes 1988). Fluctuations in the recruitment from larvae to juveniles to adults is 

most likely driven by multiple forces, is species specific, and could include more than one critical 

period as suggested by Gulland (1965).  
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 The nature and composition of micro-habitats change as fish grow older and larger (Carr 

1994).  As adults, benthic fish species tend to be more mobile and thus less habitat 

specific in both the continental shelf and estuarine environments (Able and Fahay 1998, Steves 

et al. 1998).  Juvenile fish incur the highest mortalities due to predation (Sissenwine 1984, Smith 

1985, Houde 1987, Doherty 1991, Beverton and Iles 1992), which in turn can be mediated by 

habitat characteristics (Bartholomew et al. 2000). In most rockfish species the juvenile period is 

quite longer in duration than the larval period, and small changes in habitat quality that affect 

growth and survival of juveniles may have large impacts on the number of fish produced by a 

specific habitat. Specificity in biotic needs could effectively decrease areas of suitable micro-

habitat and leave a greater proportion of demersal recruits to occupy marginal environments, 

increasing mortality risks. Diaz (2003) found that juveniles of some species have very narrow 

specificity for habitat, while others can have much broader occupancies. While the present 

experimental work only investigated juvenile rockfish preference for Metridium spp., it is possible, 

and likely that other invertebrate species may also play an important role in micro-habitat use by 

juvenile rockfish. From the start of demersal life to recruitment into adult populations micro-habitat 

associations need to be emphasized, since fish-habitat interactions are the strongest during those 

life histories and may be the most ecologically important. Thus ideally, micro-habitat associations 

should be investigated individually by age class and on a species by species basis.  

 

 Many questions for juvenile black rockfish still remain unanswered. How long and to what 

extent do specific habitat relationships exist and how does behavior differ between laboratory 

animals and those living within natural environments?  What is the spatial extent of micro-

habitats, and how many structures per area make up a territory? What are the temporal 

parameters of habitat associations (i.e. times/seasons)?  How does hunger affect micro-habitat 

associations in response to predation risk? Further experiments are also needed to shed light on 

parameters such as crevice size(s) and density dependent factors, i.e. immigration and 

emigration. Acoustic telemetry data or tag return data may be used to explore direction, distance 

and duration of migration or habitat switches in species (Matthews et al. 1986, Pearcy 1992, 
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Mitamura et al. 2005). Boulders used in the controlled experiments were of a relatively small size 

(15 -25 kg), which are similar to those regularly pulled up in trawling operations, and then re-

deposited back into the ocean at vastly different spatial locations (personal observation). As more 

habitat patches become impacted by natural climatic changes as well as human interactions (e.g. 

commercial fishing), fewer and smaller essential habitat areas may be available to newly 

recruited juvenile black rockfish. The destruction and redistribution of potentially essential habitat 

can therefore greatly affect juvenile rockfish survival and thus recruitment.   
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