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Artificial Reefs in Florida 101—
why this fact sheet series and this
specific fact sheet?

Increasingly, coastal managers and practitioners are
placing artificial reefs in marine waters. Artificial reefs are
expensive to deploy, but they are much more expensive

to remove. This makes them relatively permanent habitat
alterations. These long-lasting habitat alterations have
measurable effects on fish, fishers, divers, fisheries, and the
overall marine ecosystem and connected human socioeco-
nomic system. It is critical to understand how artificial reefs
“work” to make good decisions about future artificial reefs.
There is scientific research on many aspects of artificial
reefs, but this information is not always summarized and
explained. In response to this need, we designed a 4-part
series called Artificial Reefs 101:

o Part 1 describes why artificial reefs are built in the first
place.

o Part 2 describes how artificial reefs affect fish ecology.

o Part 3 describes how artificial reefs affect users, mostly
focusing on fishers.

« Part 4 describes how the overall fishery system (both fish
and fishers) is affected by artificial reefs.

The Artificial Reefs 101 series provides a general overview
for people seeking to better understand artificial reefs in
Florida. It will also give additional background material

for those wishing to dive deeper into the science behind
artificial reefs. The Artificial Reefs 101 series complements
existing publications about specific aspects of artificial reefs,
such as how they are implemented (FA231), the ecological
effects of artificial reefs on fish (SG100), and the economic
benefits of artificial reefs (FE649). There is additional
information available through the Florida Master Naturalist
Program in the Marine Habitat Restoration Course.

This specific fact sheet describes the most common and
well-studied ways artificial reefs affect fish populations.
While artificial reefs may affect a large number of fish and
other marine life, this series and fact sheet primarily focus
on fish commonly targeted by recreational anglers. The
publication first highlights how artificial reefs potentially
affect some ecological processes, and then it describes how
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these changes may translate into overall population-level
effects for some species. This fact sheet should help the
interested public understand more about the ecological
effects of artificial reefs, as well as providing detailed
information to key stakeholders including management
agencies, local government personnel, artificial reef
manufacturers, and Extension agents. Specifically, it will
provide a greater understanding of how artificial reefs affect
fish, and this information should allow for more informed
decisions about building and managing artificial reefs.

How do artificial reefs affect fish?
Some Terminology

Artificial reefs affect fish populations in direct and indirect
ways that can alter populations in different ways. In this
fact sheet we describe “direct effects, “indirect effects,” and
“total effects” Direct effects are those that affect fish
behaviors immediately. Some examples would be changes
in how fish feed, hide, or move. “Indirect effects” are the
differences in vital rates that happen as a result of those fish
behavior changes brought on by the direct effects of the
artificial reefs. (Vital rates are population demographics
like survival, reproduction, death, growth, etc.) Finally,
“total effects” are overall fish population changes, for
example, greater or lesser abundance or increased or
decreased movement.

Direct Effects

The two direct ways artificial reefs can benefit fish are by
providing them more structure for shelter and by increas-
ing their forage. Shelter is habitat fish can use to conceal
themselves from hunting predators. Forage is feeding
opportunities.

The physical structure of artificial reefs (or what grows

on them) provides fish with shelter and refuge (or hiding
places). Shelter is often thought to be important for smaller
species or younger individuals, since smaller fish have
more predators. However, larger fish like grouper also need
shelter from even larger predators like sharks.

The other main way artificial reefs benefit fish is by provid-
ing foraging opportunities. Artificial reefs provide good
growing surfaces for the algae and sessile invertebrates that
provide forage for other smaller organisms, like sea
urchins, crabs, and smaller crustaceans (Pickering and
Whitmarsh 1997). These reefs may attract baitfish (e.g.,
scad, sardines, menhaden, etc.). In turn, these baitfish can
attract larger species looking for foraging themselves
(McGlennon and Branden 1994). Some of the larger
species may become residents of the reef, taking shelter and
often ambushing

prey around the structure the reefs provide. Common
examples of fish that do this include grunts, snappers, and
groupers. Other more mobile predators may visit the reefs,
either looking for opportunities to attack smaller baitfish, or
potentially even eating the large fish sheltering and foraging
around the reefs. Examples of these predators might include
sharks, mackerels, and members of the jack family.

In short, fish can benefit from the shelter artificial reefs
provide for refuge, or the foraging opportunities provided
by the other fish and animals that occupy or have colonized
the reef. It is important to remember that most species of
fish are both predators and prey. This means artificial reefs
may improve foraging opportunities for medium-sized fish
like white grunt, but at the same time they may also provide
larger predators like grouper and sharks good opportunities
to feed on these same white grunt. The net effect on the
local fish populations (for example, white grunt) would
then depend on the improvement in the grunt’s foraging,

as well as any improvement in the foraging of the grunt’s
predators.

Indirect Effects

It seems obvious that direct effects of increased refuge or
foraging opportunities would translate to changes in vital
rates like body growth or survival. More good hiding places
(refuge) should translate to better survival (fewer fish being
eaten by predators). And fish that have lower mortality
(survive better) should, in general, produce more eggs.
Similarly, more foraging opportunities should allow greater
growth. Fish that grow faster get bigger faster, and at larger
sizes will have less natural mortality (better survival) and
be more likely to produce more eggs. But also, research has
shown that fish are most vulnerable to predation when they
themselves are foraging (van Poorten et al. 2018; Camp et
al. 2019). This suggests that “better forage” opportunities
may benefit fish in two ways. It may not only be that fish
have access to more food, but also that the time they spend
foraging—and with it their risk—will be reduced. In short,
decreased forage time due to easier access to food should
reduce both energy expenses and predation risk, thus
increasing survival rates (Ahrens et al. 2012). Better forage
opportunities may directly decrease fish mortality rate,
allowing them to survive longer and produce more eggs.
The main point is that either better forage or refuge from
artificial reefs should cause fish to survive better and allow
more larger fish that will spawn and create more eggs. This
is true as long as other vital rates do not change.

What makes the indirect effects more complicated to
understand is that often other things do change. We can
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use the white grunt example again. If artificial reefs provide
better foraging for grunt without changing the rate at
which grunt are predated on by larger fish, it is clear there
will be a benefit to the grunt in terms of more large fish to
spawn. But what if the grunts increased foraging, but larger
grouper also increased foraging on the grunts? Then the
indirect effects on grunt survival become more difficult to
assume and would depend on which effect was greater. It

is important to recognize that while many fish species may
use artificial reefs, how much they depend on them may
vary quite a bit. This could cause the effect the artificial
reefs have on fish vital rates like growth and survival. For
example, compared to “resident” species that may spend
much of their lives at the same reef site like vermillion or
lane snapper (Allman 2007), other species like red drum,
cobia, jacks, barracudas, etc. may visit reefs (Paxton et al.
2020). What this means is that the net effects of artificial
reefs on a local population depend not only on how the reef
affects a given species of fish, but also how the reef affects
that species’ prey and predators.

Artificial reefs may affect survival of fish at just about any
life stage, but the population benefits are likely to be most
noticeable if artificial reefs affect survival during the life
stage referred to as the “recruitment” period. “Recruitment”
is simply the survival of small fish long enough to become
larger fish and join sub-adult or adult populations. During
the recruitment period, the mortality of the fish is “density
dependent” Density-dependent mortality means the
mortality depends on how many fish there are in an area.
More small fish means a lower survival rate. This is because
small fish strongly compete for resources like forage and
especially shelter. In FA222 and FA234, recruitment is
described in greater detail. It has been difficult to assess ex-
actly when recruitment processes occur, but they probably
start shortly after settlement and persist until somewhere
between 10-20% of the average adult size (Lorenzen and
Camp 2019).

Recruitment to an artificial reef is from larval fish (or
movements of post-settlement fish) to reefs that contribute
to the adult fish population (Victor 1986). The hard com-
plex structures of artificial reefs attract larval fish from the
pelagic water and offer habitat for them when they settle.
Artificial reefs can be put in places with bare bottom or no
natural reefs and allow larval fish to settle that otherwise
would have been lost to the environment (Carr and Hixon
1997). These structures then allow for greater recruitment
of certain species because they can provide additional
shelter areas and/or forage opportunities for settled fish
that will decrease competition for hiding spaces and food

(Caddy 2011; Bortone 2019). This will allow more fish to
survive through this recruitment period when mortality
is density dependent. However, if artificial reefs do attract
more predators, especially in crowded areas, larval fish of
the prey species will likely compete for space and food.
Therefore, species that may settle on natural or artificial
reefs structures are more likely to have their recruitment
affected by artificial reefs than species who do not display
an affinity for structure (migratory species like jacks and
barracuda).

There has been relatively little research clearly showing
which species of fish actually recruit (survive the period
of density-dependent mortality) on artificial reefs. There
is some evidence that some snappers (e.g., red snapper
and lane snapper), as well as grunt (e.g., white grunt) can
recruit to artificial reefs (Beets 1989; Bohnsack et al. 1994;
Gallaway et al. 2009; Brandt and Jackson 2013; Patranella et
al. 2017). However, in several of these studies the artificial
reefs used were designed and placed as part of scientific
experiments, often in shallower waters, and so we cannot
assume these fish regularly recruit to the same types of
artificial reefs fishers often imagine visiting. Also, there

is more evidence suggesting many of these more popular
sport fish may also settle in habitat closer to shore, like
sea grass, low-relief shell banks, or mud flats (Dance et

al. 2021). For example, certain species such as mangrove
snapper are understood to recruit in estuarine areas but
may occupy natural and artificial reefs as they mature
(Flaherty-Walia et al. 2015). More research is needed to
understand what specific type of artificial reef structures,
design, and construction create more habitat for recruit-
ment, especially of desired sportfish. The direct and indirect
effects of artificial reefs are summarized in Figure 1.

+
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Figure 1. The direct and indirect effects of artificial reefs on fish: Solid
lines describe “direct” effects, and dashed gray lines describe indirect
effects. Artificial reefs can affect fish populations first by providing
shelter and forage (food), which in turn influence vital rates like fish
and invertebrate recruitment, growth, and survival. The vital rates
affect fish abundance and/or attraction. The plus sign means that
there is a positive effect. The +/- symbol in the connection between
fish abundance and attraction signifies that whether there is more
attraction or production will depend on details of the fish species, the
reef type, and placement.

Credits: Lisa Chong, UF/IFAS
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Total Effects on Fish Populations

The total effects of artificial reefs on fish populations will
depend on how survival across different fish species is
impacted and whether the reproductive output (number
of eggs) increases. This impact is illustrated with a simple
example by imagining the population of a single species,
like the white grunt, and assuming this species but not its
predators are affected by artificial reefs. If the artificial reef
provides adult white grunt with more forage habitat, this
will lead to greater growth and survival, and ultimately to
greater abundance of adult fish. More fish would live longer
and produce more young fish. Alternatively, if the artificial
reef provides recruitment habitat for juvenile white grunt,
more would “recruit” to the sub-adult and adult population.
In either case, the artificial reef would increase the total
amount of adult white grunt in the region. But the artificial
reef might also change how these fish are distributed
through the region—by attracting them. Fish could be at-
tracted because we think fish are good at finding the places
where they have the best (or at least good) forage. That
means that if the artificial reef was providing better forage
than surrounding sites, it could also be attracting white
grunt from other areas. This attraction would increase the
number of white grunt on that artificial reef, and would
increase the density of white grunt at artificial reefs.

This situation leads to two separate, somewhat complicated
phenomena. First, it becomes difficult to assess if fish at
artificial reefs have been “attracted” from other areas, or
actually recruited and “produced” by the reef. Scientists
have debated this “attraction vs. production” issue for
decades (Pickering and Whitmarsh 1997; Lindberg et al.
2006; Caddy 2011). It is probably not a matter of which
occurs, but which is the greater force because both are likely
to occur (Lindberg and Seaman 2011). Whether attraction
or production is greater will probably depend on specific
situations, including the species, types of artificial reefs, and
habitat quality. In general, if artificial reefs are attracting
fish more than producing them (via recruitment), we think
they probably have a lesser effect on the local fish popula-
tion (across natural and artificial areas). However, the fact
that fish are attracted at all would seem to suggest there is
some benefit to them (such as increased growth or de-
creased mortality) (Lindberg et al. 2006). This leads to the
second complicating factor, which is density dependence.
As more fish are attracted to an artificial reef, their density
increases. Increasing density usually results in decreased
growth rates, which in turn affects mortality, which then
affects density. So what does all this mean? If we were to
think about the effects of artificial reefs on a single species
of fish that uses the reef, and assume its predators did not

change, artificial reefs are likely to have some positive effect.
However, that effect is likely lesser if the fish are attracted
from another area, as opposed to “produced” in some way
by the reef. Further, these positive effects may be somewhat
diminished by changes in density of fish.

However, these hypothetical examples are unrealistic in that
they do not consider any predators of the fish. Predators (in
this hypothetical example, sharks) might also be attracted
and could themselves use the reef to forage (Hixon and
Beets 1989; Lindberg et al. 2006). This could diminish some
of the population gains from the greater shelter and forage.
In extreme cases, it could even lead to an ecological trap.
An ecological trap is a scenario when some environmental
cue leads organisms to settle on poor-quality habitats. In
our example with white grunt, an ecological trap could
occur if artificial reefs attract not only white grunt but their
predators like sharks or larger fish, and if for whatever
reasons the white grunt are easier for their predators to
catch around artificial reefs. In this ecological trap, the
white grunt might keep getting attracted to the reef but
would then suffer greater mortality there. However, we do
not think this is likely to occur very often, at least with most
natural predators. But it is worth considering that a similar
thing could occur if the predator was a recreational fisher.
This effect will be described in part three of the series
(FA243). In all, it is reasonably safe to assume artificial
reefs result in some additional benefit to fish populations, at
least if one does not consider how artificial reefs may affect
tishing harvest rates.

Figure 2. Many species of fish will find artificial reefs attractive for
foraging, refuge, or both. This photo shows fish around an artificial
reef in Taylor County.

Credits: Michael Dickson, UF/IFAS
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Summary

How artificial reefs affect fish depends on how well they can
shelter fish and provide fish with the resources they need
for growth and survival. Most of the time, artificial reefs

by themselves should have some positive effects on fish
populations. Artificial reefs would increase fish populations
most by providing good habitat for recruitment of small
fish. The design and specific attributes of artificial reefs

can also determine how well they shelter fish and provide
them with forage. This is ongoing research and probably
depends on location and type of species. Attraction is not
necessarily a bad thing, but if it leads to ecological traps
(either attracting larger predators or both fish and fishers

at high rates), then artificial reefs can become problematic
for fish populations. Because fishing is a common activity
at artificial reefs, and because the number of fishers on

the water continues to increase with population growth,

we must consider how fishers interact with artificial reefs
and how fishing affects fish populations. We discuss how
artificial reefs affect fishers in part three of this series
(FA243).
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