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Abstract 
Recruitment is a very important life stage for fish, with 
direct impacts on the size of whole fish populations. During 
this phase, the mortality of juvenile fish is affected by their 
population density because of competition for the available 
resources. The degree to which fish population density 
affects mortality in recruitment is itself affected by many 
factors, but one of the most important is the structural 
habitat available to juvenile fish. Structurally complex 
habitats like oyster reefs are thought to have a particularly 
strong influence on the recruitment process of certain 
species. Here we describe the ways that habitat can alter 
recruitment success. We focus on how oyster reefs affect 
recruitment of fish in Florida and the particular issues 
related to the management of this important habitat. 

Introduction 
Recruitment is a critical life history stage for fish and 
aquatic invertebrates that directly influences the overall 
population status. During the recruitment phase, the 
mortality the young fish experience is often density-
dependent (Lorenzen and Camp 2019). Density-dependent 
mortality refers to how mortality rates increase with 
increasing density of fish and decrease with decreasing fish 
density. Juvenile fish competing for resources results in 
density-dependent mortality. Fish that survive this phase 
are called “recruits.” Recruits join sub-adult and adult 
populations and generally their mortality is independent of 
density. This dynamic means that the number of fish that 
recruit each year directly affects the size of the adult 
population. So, the surviving recruit abundance has a large 
impact on the number of fish that mature to spawn and be 
fished, essentially affecting the future of the population. 
More information on recruitment can be found in FA222 
and FA234, and an overview of the factors affecting 
recruitment, including habitat, can be found in Ecological 
Influences on Coastal Finfish Recruitment. 

One of the most important ecological findings from the last 
30 years is that the density-dependent mortality that fish 
go through during recruitment is affected by the habitat 
available to the fish (Walters and Juanes 1993). Fish 
habitat includes physical, structural habitat (like aquatic 
rocks or vegetation) that affects ecological processes like 
foraging and finding refuge from predators. By affecting 

competitive processes, like foraging and refuge-seeking, 
habitats can influence the intensity of density-dependent 
mortality. Through this process, habitat changes can alter 
recruitment levels and fish populations overall. In this 
publication,we describe ways in which habitat can alter 
recruitment processes, specifically with regard to oyster 
reefs and recent/ongoing losses of oyster habitat in Florida 
and beyond. Oysters have declined by about 90% globally, 
and while Florida oyster reefs may be in fair health, their 
condition has declined, exemplified by the collapse of the 
oyster population in Apalachicola Bay in 2012 (Beck et al. 
2011; zu Ermgassen et al. 2012; Pine et al. 2015). This 
information should help the interested public understand 
the particular attention being paid to oyster preservation, 
conservation, and oyster reef restoration. It should also be 
helpful to management agency personnel and outreach 
professionals for use in educational efforts about habitat 
importance to fish populations—in particular, oyster reef 
habitat. 

 
Figure 1. Oyster habitats can provide both forage and 
refuge for small fish while predators also use these 
habitats to forage for small fish.  
Credit: Florida Sea Grant 

Habitat Influences on Recruitment 
We discuss the environmental influences on the 
recruitment process in the publication, Ecological 
Influences on Coastal Finfish Recruitment; in this 
publication, we will expand on the topic and describe how 
habitat specifically alters these processes. One of the 
principles of ecology is that most animals, including fish, 
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have preferred or required habitats. Many habitats that 
coastal finfish use are structural habitats, which are made 
up of physical, 3-dimensional materials above the 
substrate (e.g., rock, seagrass, mangroves, marsh grass, and 
oyster reefs). One of the key things these “complex” 
habitats have in common is that they change the space 
from expansive open waters to more varied habitat that 
offers “interstitial spaces,” the small nooks between the 
structures (Dibble et al. 1996). Little or no habitat favored 
by fish leaves large open spaces. Conversely, structural 
habitat creates many small spaces in the openings and 
nooks between the structures. One way to think about this 
is to imagine a 10-gallon rectangular fish aquarium tank 
that pet fish are kept in. If no plants, rocks, or anything else 
are added to the tank, the fish experience a singular, wide-
open space. As soon as structures like wood, plants, 
ceramic caves, or rocks are added, that space is broken into 
many small spaces of different shapes. In the wild, 
structure is actually important to many fish, but the small 
interstitial spaces are especially important for the variety 
of young, small fish that use the structural habitats and 
that tend to have many predators, such as crabs, birds, and 
larger fish (Figure 1). These small young fish hide or “take 
refuge” in the small habitat spaces where predators cannot 
find or reach them (Savino and Stein 1982). The young fish 
forage effectively within the safe interstitial spaces until 
they can grow large enough to escape size-based predation 
(Mittelbach 1982; Sogard 1997). These complex habitats 
and their small interstitial spaces improve survival for 
young fish, so they are often called nursery habitats (Beck 
et al. 2001). 

So, if structural habitat creates small interstitial spaces 
that are used by young fish for foraging and hiding, what 
happens if habitat changes? In short, changes in the 
amount of space influences competition among the small 
fish using them. In other words, the intensity of density-
dependent mortality depends on structural habitat 
availability (Walters and Juanes 1993). This effect can be 
illustrated with the following example. Imagine there are 
100 good nooks for hiding in a certain oyster reef, and 
there are 1,000 juvenile gulf toadfish looking for a good 
place to hide. If each space fits only 1 fish, then 100 fish can 
find good refuge space. The remaining 900 that do not 
have a good hiding space will likely be at greater risk of 
being eaten by predators and experience more mortality. 
In the next year, if there are only 200 small gulf toadfish 
vying for the same 100 hiding places, a much greater 
proportion of the fish will find a place to hide. This 
example is density-dependent mortality, where the 
mortality rate changes depending on how many fish are 
competing for the same resources. In the example above, if 
we assumed all fish that did not have a good hiding space 
did in fact get eaten, the juvenile mortality rate would be 
90% in the first year (900/1000 fish died), but only 50% 
(100/200 fish died) in the second year. This example 
shows how fish population density affects mortality. Now 
let us imagine the habitat is degraded. If half of the oyster 

bar and hiding places are lost, the competition for the 
remaining 50 spots will increase, and mortality will 
increase with it. We could expect about 950/1000 or 95% 
mortality in the first year, and 150/200 or 75% in the 
second year. This example is simply illustrated in Figure 2. 

 
Figure 2. A simple illustration of density dependent 
competitive processes. In panel A, the availability of 
more oyster reef shelter means six of the 10 small 
fish have shelter. In panel B, less shelter means only 
three of the 10 small fish have shelter, and the rest 
are exposed to predation.  
Credit: Gabrielle Love 

Structural habitats like oyster reefs are important to small 
fish not only because they provide hiding spaces. Small fish 
also need to eat so they can get bigger and avoid predators. 
The problem is almost all animals, including small fish, are 
more vulnerable when they are foraging (instead of 
hiding). What the small fish really need is good hiding 
spaces that are very close to good foraging spaces. These 
places let them reduce their exposure to predators while 
still getting food to grow. This intuitive concept is 
described by the “foraging arena theory”. This theory is an 
additional mechanistic understanding of how habitat is 
affected by density-dependent mortality (Walters and 
Juanes 1993; Ahrens et al. 2012). Foraging arena theory 
recognizes that most waters are made up of different 
foraging “arenas,” areas where smaller fish look for forage 
and in doing so are exposed to predation from larger fish. 
The theory describes how habitats, especially structural 
habitats, can change the “arena.” More structural habitat 
may make it easier for small fish to forage without being 
preyed upon, and less may make it riskier to forage. The 
theory goes on to specify how rates of movement between 
refuge and feeding areas can be used to understand effects 
on mortality and, ultimately, populations. The main point 
is that we recognize that structural habitat, like the kind 
provided in many coastal systems, is really critical for 
determining how impactful density-dependent mortality 
is. 

Habitat can also influence the density-independent causes 
of recruitment mortality, like water flow. Larval fish rely 
on water flow patterns to transport them to suitable 
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habitats, and the shape of structural habitat can itself alter 
the small-scale water flow. This effect on flow can impact 
the food availability for and movement of very young fish, 
affecting settlement and survival (Breitburg 1991). Water 
depth and tides change how fish interact with a habitat 
space. This change is especially common with oyster reefs 
in estuaries, where tidal variation causes some reefs to be 
periodically exposed to the air, while others are constantly 
underwater. The height of an underwater habitat changes 
the relative water depth experienced by species using the 
habitat. The differences in depth change the water flow 
and movement of floating sediment and/or food. These can 
change the available food supply and can make a habitat 
more or less desirable for fish (Lenihan et al. 2001; Stunz 
et al. 2002a; Nevins et al. 2014). 

Species of Interest 
Oyster reefs are used as habitat by a wide range of species. 
For some, oyster reefs serve as nursery habitat only and 
are not necessary for adults of that species. Other species 
are lifelong residents of oyster reefs. Entire food chains are 
sustained by oyster reefs, as oysters are food for many 
crabs and fish (Harding 1999; Coen and Grizzle 2007). 
Other small invertebrates inhabit the reefs and attract 
even more predators than oysters do (Coen and Grizzle 
2007; Shervette and Gelwick 2008). Smaller predators, like 
mud crabs, blue crabs, blennies, and gobies, often become 
prey for larger fish. These include gray snapper, black sea 
bass, red drum, sheepshead, gag grouper, and striped bass 
(Tolley and Volety 2005; Coen and Grizzle 2007; Yeager 
and Layman 2011; Pierson and Eggleston 2014; Harding et 
al. 2015). These species could be affected by changes to 
oyster reef habitat altering recruitment somewhere along 
the food chain, even if a particular fish species does not 
experience recruitment on oyster reefs directly. 

Some fish species use oyster reefs specifically for 
recruitment (Table 1). Gray snapper recruit directly onto 
oyster reef habitats and rely on them for most of their food 
as juveniles (Peterson et al. 2003; Yeager and Layman 
2011). Gag grouper recruit to oyster reefs as juveniles 
before migrating offshore as adults (Peterson et al. 2003). 
Species like black sea bass, striped bass, and spot forage 
heavily on oyster reefs as juveniles (Coen and Grizzle 
2007). These species are particularly vulnerable to oyster 
reef degradation or loss (Beck et al. 2001). 

Oyster Reefs and Alternatives 
Some species can use a few different habitat options as 
nursery habitat. In estuaries, seagrasses and salt marshes 
are often the most abundant alternative to oyster reefs. 
Juveniles will often select a particular habitat to optimize 
feeding and to minimize predation risk and competition 
(Stunz et al. 2002). Red drum, for example, tend to prefer 
to recruit in seagrasses, but mortality is lower on oyster 
reefs (Stunz and Minello 2001). If seagrass habitat 
becomes degraded, however, oyster reefs become 

extremely important (Coen and Grizzle 2007). As habitats 
in general become degraded, a high quantity of available 
alternative habitat spaces is necessary to maintain fish 
recruit numbers (Rosenfeld 2002). The loss of oyster reef 
habitat decreases the usable refuge and foraging spaces, 
and it decreases the number of fish that can successfully 
survive recruitment. The degraded quality of reefs can also 
reduce their viability as nursery habitat. Whether it’s by 
shorter reef height changing water flow or by increased 
competition from the reduction in usable space, reef 
quality is an important factor influencing the ability of fish 
to survive and successfully recruit (Rosenfeld and Hatfield 
2006). 

Conclusions 
Because recruitment is such an important process for the 
health of fish populations, nursery habitats must be 
carefully protected. The recruitment behaviors of a lot of 
fish species in Florida are still not fully understood, and 
oyster reefs may be important nursery habitat for more 
species than we currently know. Since habitat degradation 
limits the number of young fish, increasing habitat 
availability is expected to enhance recruitment, and 
therefore the overall populations, of many species (Powers 
et al. 2003, zu Ermgassen et al. 2017). Several of these are 
listed in Table 2. Efforts to conserve and restore oyster 
reefs could have far-reaching benefits for entire food 
chains and are important tools for fisheries management in 
Florida. 
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Tables 
Table 1. Examples of species that recruit to oyster reefs in Florida. 

Species Location Reference 

Toadfish species Southwest FL estuaries Tolley et al. (2005) 

Mojarra 

Sheepshead 

Silver perch 

Pinfish Caloosahatchee, FL Tolley et al. (2005) 

Goby species Tarpon Bay, FL Tolley and Volety (2005) 

Blenny species 

Skilletfish 

Gray snapper Loxahatchee River, FL Yeager and Layman (2011) 

Gag grouper Tampa Bay, FL Peterson et al. (2003) 

Table 2. Species expected to experience enhanced recruitment and population abundances as a result of oyster 
reef restoration. From zu Ermgassen et al. (2017). 

Sheepshead Silver perch Frillfin goby Blue crab 

Stretchjaw blenny Sheepshead minnow Flagfin mojarra Brown shrimp 

Skilletfish Naked goby Code goby Feather blenny 

Freckled blenny Pinfish White shrimp Stone crab 

Speckled worm eel Gulf toadfish Pigfish   

1 This document is FA250, one of a series of the School of Forest, Fisheries, and Geomatics Sciences, Fisheries and Aquatic Sciences 
Program. Original publication date December 2022. Visit the Ask IFAS website at https://ask.ifas.ufl.edu/ for the currently supported version 
of this publication. 
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Camp, associate professor, fisheries and aquaculture governance, UF/IFAS School of Forest, Fisheries, and Geomatics Sciences, Program in 
Fisheries and Aquatic Sciences, Gainesville FL; UF/IFAS Extension, Gainesville, FL 32611. 
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