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Abstract
Many species of reef fish reside in specific nursery habitats as juveniles. Seagrass meadows, and mangroves are examples of
well-recognized nursery habitats, but only recently canopy-forming seaweeds have been found to provide important habitats
for some fish species in the tropics. Availability of nurseries can have effects on the abundance and spatial distribution of
adult fish, which is why it is important to recognize key nursery habitats for proper management. Information on reef fish
nurseries is largely lacking in the South Western Atlantic (SWA), while information in the Western Indian Ocean (WIO)
and elsewhere is more extensive. However, more information on the  consequences of nursery availability on adult fish
populations is needed. This thesis studies nursery habitat use of reef fish on tropical and subtropical reefs in the SWA and
in seagrass and reef systems in the WIO. The hypothesis that seagrass and canopy-forming macroalgae meadows function
as a nursery habitat for reef fish is tested in the SWA. The aim of this thesis is also to understand distribution patterns of
fish arising from the arrangement of the seascape, using a seascape ecology approach, linking patterns to non-reef nursery
habitat use (mangroves and seagrass systems). Results showed that spatial and temporal patterns of juvenile reef fish
abundance were weak on rocky, subtropical reefs in the SWA (Paper I), while there was a stronger preference for certain
habitats on SWA tropical biogenic reefs, especially seaweed beds dominated by Sargassum (Paper II). The widely accepted
paradigm that seagrass meadows function as nursery habitats for reef fish was not supported by the results from the study site
in the tropical SWA (Paper II). This may be related to habitat availability in the seascape. In the SWA, seagrass meadows
are spatially small, fragmented and less complex, compared to in the WIO, where they display high structural complexity
and cover large areas. At the WIO study site (Bazaruto Archipelago), the juvenile fish assemblage in the seagrass meadows
encompassed a number of reef fish species from a range of trophic groups and families, as well as resident seagrass species
(Paper III). Key variables and extent of spatial scales that structure ontogenetic migrations were identified in both seagrass
and reef habitats. Fish distribution patterns in the seagrass seascape was strongly influenced by seascape configuration
and distance to adjacent habitats, highlighting that not all seagrass meadows are equally productive as nursery habitats.
Variables important for distribution patterns of fish were identified, which in most cases were species-specific, and related
to life history and functional traits of species. Effects of two small protected areas on the fish assemblage was also linked to
geographical placement of reserves in the seascape. Likewise, the adult fish community composition on the reefs was found
to be structured by the spatial arrangement of nursery habitats in the seascape, and presence of stretches of sand acting as
isolating barriers (Paper IV). Nursery fish species were less abundant on reefs far from nurseries, resulting in differences in
community and functional group composition along distance gradients in the seascape. Depending on functional traits of
the nursery fish assemblage, seagrass and mangroves can enhance certain ecological functions on reefs. Both community
structure and ecosystem functioning may therefore change depending on nursery habitat availability, highlighting the need
to adopt a holistic seascape approach in management.
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Abstract 
 
Many species of reef fish reside in specific nursery habitats as juveniles. Seagrass meadows, 
and mangroves are examples of well-recognized nursery habitats, but only recently canopy-
forming seaweeds have been found to provide important habitats for some fish species in the 
tropics. Availability of nurseries can have effects on the abundance and spatial distribution of 
adult fish, which is why it is important to recognize key nursery habitats for proper 
management. Information on reef fish nurseries is largely lacking in the South Western Atlantic 
(SWA), while information in the Western Indian Ocean (WIO) and elsewhere is more 
extensive. However, more information on the  consequences of nursery availability on adult 
fish populations is needed. This thesis studies nursery habitat use of reef fish on tropical and 
subtropical reefs in the SWA and in seagrass and reef systems in the WIO. 

The hypothesis that seagrass and canopy-forming macroalgae meadows function as a 
nursery habitat for reef fish is tested in the SWA. The aim of this thesis is also to understand 
distribution patterns of fish arising from the arrangement of the seascape, using a seascape 
ecology approach, linking patterns to non-reef nursery habitat use (mangroves and seagrass 
systems). Results showed that spatial and temporal patterns of juvenile reef fish abundance 
were weak on rocky, subtropical reefs in the SWA (Paper I), while there was a stronger 
preference for certain habitats on SWA tropical biogenic reefs, especially seaweed beds 
dominated by Sargassum (Paper II). The widely accepted paradigm that seagrass meadows 
function as nursery habitats for reef fish was not supported by the results from the study site in 
the tropical SWA (Paper II). This may be related to habitat availability in the seascape. In the 
SWA, seagrass meadows are spatially small, fragmented and less complex, compared to in the 
WIO, where they display high structural complexity and cover large areas.  

At the WIO study site (Bazaruto Archipelago), the juvenile fish assemblage in the 
seagrass meadows encompassed a number of reef fish species from a range of trophic groups 
and families, as well as resident seagrass species (Paper III). Key variables and extent of spatial 
scales that structure ontogenetic migrations were identified in both seagrass and reef habitats. 
Fish distribution patterns in the seagrass seascape was strongly influenced by seascape 
configuration and distance to adjacent habitats, highlighting that not all seagrass meadows are 
equally productive as nursery habitats. Variables important for distribution patterns of fish were 
identified, which in most cases were species-specific, and related to life history and functional 
traits of species. Effects of two small protected areas on the fish assemblage was also linked to 
geographical placement of reserves in the seascape. Likewise, the adult fish community 
composition on the reefs was found to be structured by the spatial arrangement of nursery 
habitats in the seascape, and presence of stretches of sand acting as isolating barriers (Paper 
IV). Nursery fish species were less abundant on reefs far from nurseries, resulting in differences 
in community and functional group composition along distance gradients in the seascape. 
Depending on functional traits of the nursery fish assemblage, seagrass and mangroves can 
enhance certain ecological functions on reefs. Both community structure and ecosystem 
functioning may therefore change depending on nursery habitat availability, highlighting the 
need to adopt a holistic seascape approach in management.  
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Sammanfattning 
 
Många arter av korallrevsfisk använder sig av andra habitat som uppväxtområden innan de 
flyttar till reven där de sedan uppehåller sig som fullvuxna individer. Sjögräsängar och 
mangroveträsk är sådana välkända uppväxtområden för revfisk i subtropiska och tropiska 
system och nyligen har även algbäddar visat sig fungera som barnkammare för många arter. 
Tillgång till bra uppväxtområden påverkar också var vuxna fiskar uppehåller sig i det kustnära 
havslandskapet och hur många de är. Det är därför viktigt för förvaltning av kustnära ekosystem 
att identifiera vilka områden som utgör produktiva uppväxtområden för fisk. I sydvästra 
Atlanten har vi mycket liten kunskap rörande dessa uppväxtområden vilket gör det svårt att 
förstå hur antropogena störningar och klimatförändringar påverkar fisksamhällena på reven. I 
västra Indiska oceanen, där mycket information finns om uppväxtområden, är kunskapen 
istället ofullständig om hur långt fiskar migrerar mellan dessa uppväxtområden och korallreven, 
och hur landskapets utformning påverkar artsammansättning och populationstätheten av fisk 
ute på reven. I den här avhandlingen har jag därför studerat uppväxtområden för tropisk och 
subtropisk revfisk i sydvästra Atlanten och i västra Indiska oceanen, och konsekvenserna av 
detta för fisksamhällena på reven. I avhandlingen beskrivs även hur fisken påverkas av 
utformningen av havslandskapet, dvs. var uppväxtområdena och korallreven är placerade i 
förhållande till varandra.   

Både tids- och rumsliga mönster undersöktes i de subtropiska klippreven i sydvästra 
Atlanten. Inga tydliga mönster upptäcktes här, varken mellan årstider eller mellan olika habitat, 
men största mängderna av juvenila revfiskar hittades i Sargassum-dominerade algbäddar. På 
de tropiska biogena reven fanns det däremot tydliga mönster, där Sargassum-dominerade 
algbäddar innehöll högre mängder av juvenil fisk än de andra studerade habitaten. Tvärtemot 
vad man sett i andra delar av världen där sjögräsängar anses vara ett av de viktigaste 
uppväxtområdena för revfisk så innehöll sjögräsängarna i sydvästra Atlanten väldigt lite juvenil 
fisk. Detta har troligen att göra med den låga komplexiteten hos de kortvuxna sjögräsarterna  i 
sydvästra Atlanten och de relativt små ytorna som de täcker jämfört med t ex västra Indiska 
oceanen. 

Sjögräsängarna i studien från västra Indiska oceanen innehöll många arter av fisk 
tillhörande flera familjer och trofiska grupper. Utbredningen av fisk i sjögräslandskapet var här 
starkt influerat av landskapsvariabler såsom avstånd till närliggande miljöer, speciellt till 
avstånd till land. Effekten av två små marina reservat på fiskmängden i sjögräslandskapet var 
också relaterat till den geografiska placeringen av reservaten.  

Fisksamhällena på reven påverkades också av hur uppväxtområdena låg i förhållande 
till reven, med ett minskande antal av arter som använder sig av sjögräs- och mangrove som 
uppväxtområden ju längre bort från reven dessa låg. Här spelar inte bara  det faktiska avståndet 
en roll, utan även konfigurationen av havslandskapet och hur isolerade reven ligger. Speciellt 
verkar förekomsten av större områden av sand (>3km) fungera som barriärer för migrationen 
av större juvenila fiskar till reven. Då vissa arter som använder sig av uppväxtområden tillhörde 
andra funktionella grupper än de arter som lever hela sina liv på reven, skiljde sig även 
sammansättningen av funktionella grupper, såsom olika typer av betande fiskar på reven längs 
dessa gradienter.  

Eftersom både artsammansättning och förekomst av funktionella grupper på reven 
påverkades av tillgången på uppväxtområden, är det viktigt med en holistisk syn på 
förvaltningen av dessa kustnära system med flera typer av livsmiljöer. I samtliga studier kunde 
landskaps- eller habitatvariabler relateras till livshistoria eller andra egenskaper hos de olika 
arterna. Avhandlingen visar att dessa ekosystem är mycket komplexa, och resultaten av 
forskningen kan förhoppningsvis bidra till att öka förståelsen av hur dessa system fungerar och 
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därigenom förbättra förvaltningen av kustnära ekosystem. Både uppväxtområden och 
livsmiljöer för vuxna revfiskar behöver bevaras för att behålla ett produktivt kustlandskap.  
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Background and Scope of the thesis 
 
The coastal tropical and subtropical seascape is comprised of a mosaic of different habitats, 

such as coral and rocky reefs, seagrass meadows and mangroves. Many species of reef fish 

utilise several of these habitats and move between them on different spatial and temporal scales 

through spawning, foraging and/or ontogenetic migrations (Nagelkerken 2009). During 

ontogenetic migrations, reef fish use separate habitats as juvenile and adults. This is the most 

common type of “connectivity” facilitated through fish movement. Connectivity refers to the 

movement of organisms or exchange of organic matter, sediment or larvae between habitats 

through biotic and abiotic processes (Ogden & Quinn 1984, Nagelkerken 2009). 

The use of specific nursery habitats has been recorded globally for a wide range of 

species from different families (Parrish 1989, Nagelkerken et al. 2000, Igulu et al. 2014, 

Hemingson & Bellwood 2016) and varies between different parts of the world; in the 

Caribbean, mangroves are used by a larger proportion of species compared to seagrass 

meadows, while the opposite is true in the Pacific (Igulu et al. 2014, Hemingson & Bellwood 

2016, Eggertsen 2018). This is driven by differences in abiotic characteristics such as fresh 

water influence and tidal ranges between provinces (Igulu et al. 2014), but other habitat 

characteristics such as habitat complexity may also modify nursery habitat use by juvenile 

fishes locally (Gullström et al. 2008a), and is also dependent on which habitats that are available 

in the area. 

This thesis focuses on nursery habitat use by juvenile reef fishes in the south western 

Atlantic (SWA) and the Western Indian Ocean (WIO). Extensive reef systems exist in both the 

WIO and the SWA. Yet, habitat structure is fundamentally different. This provides an ideal 

situation to test some of the predictions of nursery habitat use in reef fishes linked to habitat 

and seascape characteristics. In the tropical and subtropical parts of the south western Atlantic 
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(SWA), nursery habitat use by reef fish is largely unknown (Eggertsen 2018). Information on 

nursery habitat use in the WIO is more extensive, but thresholds in how far ontogenetic 

migration occur between nursery and adult habitats and how nurseries structure the adult fish 

community on reefs is poorly known (Berkström et al. 2012b).  

 

 
Figure 1. Species richness in the south western Atlantic (SWA) and the Western Indian Ocean (WIO) of 
reef fish, scleratinian corals, mangroves and seagrasses 

  

The costal systems in these two provinces differ in many aspects. In general, the WIO 

is a lot more species diverse compared to the SWA, mainly with regard to fish and coral 

communities, but also for seagrasses and  mangroves (Fig. 1)(Schaeffer-Novelli et al. 2000, 

Gullström et al. 2002a, Roberts et al. 2002, Copertino et al. 2016). Mangroves are subjected to 

substantial freshwater input in the SWA, where water usually is highly turbid (Schaeffer-

Novelli et al. 2000). Only smaller seagrasses are present in the SWA (the genera Halophila and 

Halodule) creating seagrass meadows with very low structural complexity compared to those 

of the WIO (Fig. 2) (Copertino et al. 2016, Creed et al. 2016). The scleratinian coral community 
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in the SWA is composed of massive growth forms, lacking branching corals with high structural 

complexity such as acroporids (Leão et al. 2003).  

 

 
Figure 2. Relative size differences of dominant seagrass species present in the two provinces (WIO = 
Western Indian Ocean, SWA = South Western Atlantic, modified from Eggertsen 2018). Image courtesy 
of the Integration and Application Network, University of Maryland 

The reef fish fauna is diverse in the WIO, with about 2000 recorded species (Fig. 

1)(Kulbicki et al. 2013). The SWA is instead rather impoverished (~360 species), with about 

20% endemic species (Floeter et al. 2008). The low species richness in the SWA is believed to 

be related to the rather recent colonization of reef fish fauna, and natural dispersion filters such 

as the Amazon freshwater plume, the Atlantic basin and the cold Benguela current (Joyeux et 

al. 2001, Floeter et al. 2008). The few reef fish species that the SWA and WIO have in common 

are circumtropical species (e.g. Sphyraena barracuda and Diodon hystrix)(Froese and Pauly 

2018), although the two provinces share several fish genera (Joyeux et al. 2001). 

These differences in species composition and richness, both regarding ecosystem 

engineers (e.g. corals) and the reef fish community itself, may have consequences for nursery 

WIO

Decreasing seagrass size

SWA

Enhalus acoroides Thalssodendron ciliatum Halodule spp.

1m
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habitat use by fishes and similarly for the structural connectivity between habitats arising from 

ontogenetic migrations. In the WIO, data exist on nursery habitat use for a range of species, but 

effects of the arrangement of nursery habitats within the seascape on adult fish populations on 

reefs, and what factors structure the juvenile fish assemblage in seagrass systems is still not 

clear (Berkström et al. 2012b). This information on nursery habitat use and its consequences on 

adult populations is, however, essential for successful management of the coastal seascape, 

particularly since nursery habitat availability can affect adult fish populations (Sheaves et al. 

2014, Sundblad et al. 2014). Additionally, how fish distribution patterns are affected by 

adjacent habitats is especially important for the design and placement of marine protected areas 

(MPAs), which are commonly used in biodiversity and ecosystem conservation within the WIO 

(Francis et al. 2002). 

This thesis aims to identify nursery habitats for reef fish in the less studied SWA 

province and study the spatial and temporal distribution patterns of juvenile reef fish linked to 

the presence, arrangement and habitat quality of nursery habitats in both provinces.  Within this 

thesis, I test the hypothesis that seagrass meadows and canopy-forming seaweeds constitute 

important nursery habitats for reef fish. Following the prediction that the juvenile fish 

assemblage in large seagrass systems in the WIO will be structured by the arrangement and 

position of the seagrass meadows, seagrass fish distribution is surveyed across a large seagrass-

dominated seascape. Effects on seagrass fish abundance of protection from fishing is studied, 

following the hypothesize that since seagrass fish distribution is related to seascape 

arrangement, effects of protection will be linked to the geographic placement of MPAs. Further, 

it aims to investigate the effects of nursery habitat presence and arrangement on the adult fish 

community on reefs in the WIO province, following the hypothesis that placement of nursery 

habitats influence adult fish communities on reefs. 
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Introduction 
 
Many species of fish utilize separate habitats during juvenile and adult life stages. These 

ontogenetic shifts in habitat use in fish are driven by ecological processes such as increased 

growth and survival rates (Dahlgren & Eggleston 2000, Nagelkerken 2009, Grol et al. 2014). 

In many cases, nursery habitats are constituted by structurally complex areas located in shallow 

coastal areas, where food abundance is high and predators less abundant than on reefs or 

offshore habitats (Laegdsgaard & Johnson 2001, Verweij et al. 2006, Dorenbosch et al. 2009). 

Some of the most classical examples of non-reef nursery habitats in the tropics are seagrass 

meadows and mangrove forests, that are utilized by a number of juvenile reef fish species (e.g. 

Parrish 1989, Nagelkerken et al. 2001, Dorenbosch et al. 2005). Other coastal habitats that have 

received less attention, but also serve as nurseries are seaweed beds, reef flats and tide pools. 

Tide pools are especially important in rocky reef environments and oceanic islands where other 

nursery habitats are absent (Oliveira, Macieira, et al. 2016). In temperate areas, shallow 

vegetated bays often serve as important habitats for juvenile fish (Sundblad et al. 2014).  

Two different approaches are currently used to define a habitat as a nursery; if a certain 

area of a distinct habitat contribute with more juveniles to the adult population compared to 

other areas where juveniles occur (Beck et al. 2001), or if the total contribution of recruits to 

adult populations are dominated by recruits from a certain habitat (Dahlgren et al. 2006, 

Nagelkerken et al. 2015). The latter approach was developed since all habitats may not 

contribute equally per area to adult populations, but still be essential as nurseries. This 

especially applies to seagrass systems, where production recruits per area unit often is low, but 

due to their large spatial extension in the Pacific and Caribbean, these systems contribute with 

a large proportion of recruits to adult populations (Dahlgren et al. 2006, Nagelkerken et al. 

2015).  
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Through export of recruits,  availability of nursery habitats in the seascape can have 

direct effects on the adult fish community (Sundblad et al. 2014), and indirect effects on 

ecological processes (Harborne et al. 2016) in adjacent habitats such as on reefs or offshore 

areas. Organisms functioning as mobile links and connecting different habitats through 

migrations contribute to “ecological connectivity”, an important process in the coastal seascape 

(Nagelkerken 2009). Ecological connectivity refers to the connectedness of ecological 

processes across multiple scales including food-web interactions across habitat boundaries 

(Fischer & Lindenmayer 2007). Since nursery habitats in many cases are located in shallow 

coastal areas, they are exposed to high levels of anthropogenic stressors, such as pollution, 

tourism and coastal development, and both mangroves and seagrass systems have declined 

substantially globally (Alongi 2002, Orth et al. 2006). Identifying nursery habitats is therefore 

important for sustaining viable fisheries and for the conservation and maintenance of ecological 

functions within the seascape. The Caribbean has been reasonable well studied, while nursery 

habitat use for reef fish in the south wester Atlantic (SWA) is largely unknown. In the Western 

Indian Ocean (WIO), studies on nursery habitat use by reef fish exist, but we know little about 

how the presence of nurseries and their arrangement in the seascape structure fish distribution 

spatial patterns and the adult fish community on reefs. 

 

Reef fish nursery species 

 
A number of reef fish families are represented among species that utilize non-reef habitats as 

nursery grounds. These include the epinephelidae (groupers), lutjanidae (snappers), lethrinidae 

(emperors), sphyraenidae (barracudas), haemulidae (grunts), scarinae (parrotfishes) and 

siganidae (rabbitfishes)(Fig. 3)(Parrish 1989, Nagelkerken et al. 2001, Dorenbosch, Grol, 

Christianen, et al. 2005, Hemingson & Bellwood 2016). Most of these species are mobile fish 
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of moderate to large body size as adults and both carnivores and herbivores are represented 

among them (Hemingson & Bellwood 2017).  

 

Figure 3. Juvenile reef fish species in mangroves (Plectorhinchus plagiodesmus), seagrass meadows 
(species from Acanthuridae, Chaetodontidae, Lethrinidae, Mullidae, and Scarinae) in the Bazaruto 
Archipelago, Mozambique and in a macroalgae bank (Acanthurus spp, Sparisoma radians and 
Pseudupeneus maculatus) in Arraial do Cabo, Brazil. Photo credits L. Eggertsen and M. Lucena 

 
Some of these species are obligatory dependent on non-reef habitats as nurseries, and will not 

occur on reefs in areas where mangroves or seagrasses are absent (Mumby et al. 2004, Mumby 

2006). The Goliath grouper (Epinephelus itajara), one of the largest groupers in the world, 

belongs to this category, although this species is capable of extensive migrations during its long 
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life span (Pina-Amargós & González-Sansón 2009, Shideler et al. 2015). Other examples of 

obligatory nursery dependent species are the snapper Lutjanus alexandrei in the south western 

Atlantic, that utilizes mangroves as nursery habitats (Aschenbrenner et al. 2016), and the 

yellowtail snapper Ocyurus chrysurus, that in the Caribbean is dependent on seagrass meadows 

as nurseries (Huijbers, Nagelkerken, Debrot, & Jongejans 2013). Many of these species are 

important fisheries resources, or key stone species for reef functioning (Nyström & Folke 2001, 

Mumby & Hastings 2008). Additionally, a wide range of other species will frequently be 

observed in non-reef habitats, but are not restricted to this habitat exclusively as a nursery 

(Nagelkerken et al. 2001).  

 

Why do fish utilize nurseries? 

 
Surprisingly few studies have tried to explain mechanisms behind nursery habitat choice in fish. 

The main incentives to perform ontogenetic migrations are to maximize growth and survival, 

which is balanced/a trade off against the risks and energy costs of migrations (Nagelkerken 

2009). In general, a lower predation pressure compared to adult habitats (Grol et al. 2014), 

shelter (Cocheret de la Morinière et al. 2004) and abundant food resources (Kimirei et al. 2015) 

are thought to be the main advantages of nursery habitats. The exact reasons seem to be species-

specific, and dependent on a species’ traits and life history. In some cases, the nursery habitat 

choice may be linked to feeding behaviour, such as in the New Zealand snapper (Chrysophrys 

auratus) that reside in seagrass meadows as juveniles (Parsons et al. 2015, 2016). Juveniles 

feed on planktonic copepods, but these are not more abundant in vegetated areas compared to 

unvegetated areas, and likewise predator abundance is not lower in these seagrass meadows. 

Instead, the seagrass structure allows juvenile snappers to flow refuge from constant water 

currents, and spend less energy foraging (Parsons et al. 2015). Use of nursery habitats by 

barracudas (Sphyraenidae) is also linked to foraging strategy; clear-water mangroves allow for 
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barracudas to use its ambush strategy very efficiently, hiding within the complex root system 

(Verweij et al. 2006, Faunce & Serafy 2008). An example of nursery use as predator refuge is 

that of juvenile French grunts (Haemulon flavolineatum) in the Caribbean, where predation 

mortality on juveniles was shown to be higher on reefs compared to in non-reef habitats until 

fish reached a certain size (Grol et al. 2014).  

Understanding the processes behind nursery habitat choice is important because this can 

help conservation efforts to be more directed towards management goals, and in some cases 

adapted to target species, since the responses can be very species specific (e.g. Cocheret de la 

Morinière et al. 2004, Sundblad et al. 2014). In other words, a habitat that is ideal as a nursery 

for one species, may not be so for others depending on local environmental conditions or species 

traits. 

 

Factors influencing the ecological value of nursery habitats 

 
Depending on local environmental conditions, all nursery habitats may not be of equal value 

for juvenile fish. Especially in mangroves, abundance of juvenile fish is patchy and can vary 

substantially (Saenger et al. 2013). Canopy height of vegetation (Gullström et al. 2008b, Wilson 

et al. 2017), spatial distribution of prey organisms (Kimirei et al. 2015) and water turbidity 

(Sundblad et al. 2014) are examples of characteristics that structure the juvenile fish assemblage 

in nursery habitats. Mangroves are very heterogeneous systems that can be composed of 

different tree species, occur along gradients of salinity and turbidity and are present along 

estuaries, channels and flats in varying tidal regimes. But also macroalgae/seaweed beds can 

vary substantially due to seasonal changes, with large effects on fish community composition 

and abundance (Fulton et al. 2014, Wilson et al. 2014). Likewise, variation in fish assemblages 

in seagrass beds can also be attributed to seagrass species composition, and epiphyte 

distribution (Stoner 1982, Tomas et al. 2005, Gullström et al. 2008b). 
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Not only within-habitat variables are important, the arrangement and configuration of 

habitat patches and their geographical location within the seascape is also of importance for the 

juvenile fish assemblage (Dorenbosch et al. 2006, Huijbers, Nagelkerken, Debrot, & Jongejans 

2013). Area of habitat patches and proximity of nurseries to adjacent habitats have been found 

to influence the abundance and distribution of juveniles (Pittman et al. 2007, Huijbers, 

Nagelkerken, Debrot, & Jongejans 2013, Henderson et al. 2017). For example, seagrass 

meadows close to reefs may contribute more to adult fish populations on reefs compared to 

meadows further away (Huijbers, Nagelkerken, Debrot, & Jongejans 2013).  

 

Effects of nurseries on reefs fish communities and ecological functions 

 
Availability of nursery habitat can strongly influence adult fish populations (Sundblad et al. 

2014). For example, reefs situated in the vicinity of nurseries in many cases comprise a diverse 

fish community both in terms of abundance and species richness compared to more isolated 

reefs due to the high connectivity which allow fish to take advantage of different ecosystems 

(Olds, Pitt, Olds, et al. 2012, Nagelkerken et al. 2017). This has effects also on the ecosystem 

level, since some ecological functions may be provided by multi-habitat use species that would 

be more abundant on a reef that is well connected to nurseries. In the Caribbean, the parrotfishes 

Scarus guacamaia and Scarus iserti are both dependent on mangroves as nurseries 

(Nagelkerken et al. 2001). Export of recruits of these species is therefore higher to reefs close 

to mangroves, which in turn increases herbivory rates on these reefs (Mumby & Hastings 2008, 

Harborne et al. 2016). An indirect effect of nurseries can therefore be seen on the resilience of 

these systems. In cases of disturbances, e.g. coral mortality because of bleaching or hurricanes, 

these reefs would experience less risk of phase shifts to algal dominated states (Mumby & 

Hastings 2008). Fragmentation or loss of nursery habitat may therefore have severe effects on 
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other adjacent habitats like coral reefs (Mumby & Hastings 2008, Berkström, Gullström, et al. 

2012a).  

In most tropical areas, it is still unclear to what extent non-reef habitats contribute to 

adult fish communities and what consequences this has on an ecosystem level (Saenger et al. 

2013). These linkages are complex and affect processes such as food web interactions and 

resource availability in nurseries (Sheaves et al. 2014). Nursery habitat use may also shift 

between different regions (Sheaves et al. 2014). For many fish species, there are large 

knowledge gaps regarding the spatial scale that ontogenetic migrations operate on. In the 

Caribbean, thresholds in distances from nurseries, where abrupt changes can be observed in 

abundance and biomass of the adult fish community on reefs, have been observed for Lutjanids, 

Haemulids and Scarid labrids (Nagelkerken et al. 2017), while this data is scarce from the 

Pacific (Berkström, Gullström, et al. 2012b). Determining where these thresholds in distance 

are located would be useful to evaluate importance of mangroves and seagrass systems as 

nurseries in different seascapes. In general, relationships between adult fish abundance/biomass 

and distance to nursery habitats does not appear to be linear (Nagelkerken et al. 2017, Shideler 

et al. 2017), but where thresholds are located is likely both species- and location specific. 

Studies untangling  spatial relationships and nursery habitat quality are urgently needed to 

clarify links between nurseries, identify processes underpinning nursery habitat value and their 

contribution to fisheries and ecosystem functioning (Saenger et al. 2013, Sheaves et al. 2014). 

 

Seascape ecology 

 
A new science called “Seascape ecology” has been developed during the last decade in order 

to study multiple-habitat use species and patterns of connectivity (Pittman 2018a). Seascape 

ecology draws on concepts from terrestrial landscape ecology, but is constantly being adapted 

to conform to the marine environment (Pittman 2018a). Seascape ecology can incorporate 
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variables on both habitat patch and seascape level,  and has successfully been used to study 

drivers of distribution patterns of fish species using multiple habitats in coastal seascapes (Fig. 

4) (Pittman et al. 2007, Boström et al. 2011, Berkström et al. 2013, Sekund & Pittman 2017a).

Figure 4. Schematic illustration of the multiple scales that can be incorporated in seascape ecology 
frameworks. L = levels, with lower levels (L-1) characterized by events on shorter temporal and spatial 
scales, and broader levels (L+1) on larger temporal and spatial scales.  Adapted from Pittman et al. 
2003  

With the rapid increase in good satellite imagery and the use of software such as Geographical 

Information Systems (GIS), it is now possible to create detailed maps of coastal habitats and 

map extensions of different habitats (Boström et al. 2011). This information can then be 

incorporated in analyses and modelling of fish distribution patterns. Together with recent 

statistical modelling techniques such as decision trees and generalized linear models, this 

constitutes a powerful toolbox to analyze and understand drivers of fish distributions in 

multiple-habitat seascapes (Knudby et al. 2011, Sekund & Pittman 2017b). A seascape ecology 

approach is applied throughout this thesis.  
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Management and conservation of the coastal seascape 

 
The coastal seascape is challenging to manage since it is often exposed to substantial 

anthropogenic stressors such as coastal development, fishing, pollution and tourism.  It is 

therefore important that fish nursery habitats such as mangroves, shallow bays, seagrass and 

macroalgal systems are recognized and incorporated into management actions. Marine 

Protected Areas (MPAs) are a common and effective tool to preserve both species and 

ecosystem functioning (Micheli et al. 2004) and for multiple-habitat use species it is vital to 

include key habitats within MPAs. In most cases, MPAs mainly include coral reefs, but 

connectivity has been highlighted as necessary to include in marine spatial planning and the 

design of MPAs to achieve successful outcomes (Olds, Pitt, Connolly, et al. 2012, Olds et al. 

2013). Protected areas including heterogenous seascapes with non-reef habitats such as 

mangroves and seagrasses have recently been shown to enhance biomass and abundance of fish 

on reefs (Olds et al. 2013). Studies on the effects of MPAs in other systems such as seagrass 

meadows are however scarce (but see Alonso Aller et al. 2017, Henderson et al. 2017), and it 

is not clear how these should be designed to maximize effects of protection on fish 

communities. Similar to reefs (Huntington et al. 2010), seascape context and geographic 

placement of the protected area seem to influence effects of protection also in seagrass systems 

(Henderson et al. 2017). Additionally, the spatial extent of ontogenetic migrations of fish is also 

important to consider when designing MPAs. Information mainly exists from the Caribbean 

(Harborne et al. 2016, Nagelkerken et al. 2017, Sekund & Pittman 2017a), while there are large 

knowledge gaps in the Pacific. Obtaining and incorporating this data in marine spatial planning 

could contribute significantly to the effectiveness of MPAs. 
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Aims of thesis  
 
The objective of this thesis is to identify nursery habitat use of reef fish in space and time, and 

variables on different spatial scales (habitat and seascape level) that influences nursery habitat 

use, and the effects of nursery habitat use on adult fish communities. The studies are performed 

in two different provinces; the south western Atlantic (SWA) and the Western Indian Ocean 

(WIO). These two provinces are fundamentally different, which allows for insights about 

nursery habitat use and factors influencing nursery habitat use, although these studies are 

difficult to compare directly. Paper I and II are both conducted in the SWA, a province where 

information on reef fish nurseries and patterns of juvenile reef fish distributions is almost non-

existent. Paper I aims to identify nursery habitats for reef fish on subtropical rocky reefs, which 

has not been done before in the south east SWA (Fig. 5). Both seasonality and spatial patterns 

are investigated during two consecutive years of surveys. It tests the hypotheses that vegetated, 

shallow habitats are favoured as nursery habitats during summer months by reef fish. Paper II 

investigate the hypothesis that seagrass meadows and canopy-forming macroalgae function as 

reef fish nurseries, and seeks to identify habitat characteristics that influence the fish 

assemblage on biogenic reefs in the tropical SWA. The paper fills an important research gap 

regarding reef fish nurseries on biogenic reef systems in the SWA. Paper III and IV are 

performed in the WIO, and building on previous work on ontogenetic migrations and nursery 

habitat use in the region, although very little data exist from Mozambique. These two papers 

aim to understand drivers of abundance patterns in relation to different nursery habitat use of 

fish (Fig. 5). Paper III testes the hypothesis that the seagrass fish assemblage is structured by 

seascape arrangement and identifies spatial distribution patterns for resident and nursery fish 

species within a large seagrass- dominated seascape. Following this hypothesis, effects on 

MPAs within the seagrass seascape is tested in relation to geographical location and life history 

of fish species. Finally, paper IV draws on the theory that nursery habitats structure fish 
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communities on reefs along spatial gradients, and tests the effects of presence and arrangement 

of nursery habitats on adult fish assemblages on tropical coral reefs. This paper seeks to 

determine thresholds in migration distances during ontogenetic habitat shifts.  

 

Figure 5. Conceptual figure showing the different studies in relation to the research questions posed in 
the thesis. SWA = South Western Atlantic and WIO = Western Indian Ocean 

 

 
Specifically, the aims of this thesis were to  
 

1) Identify reef fish nurseries in tropical biogenic and subtropical rocky reef systems in 
the SWA and understand drivers of these patterns (Paper I and II) 

2) Investigate drivers of distribution of fish in tropical seagrass systems using a seascape 
ecology approach and effects on fish abundance of marine protected areas in seagrass 
systems (Western Indian Ocean (WIO), Paper III) 

3) Study how presence/arrangement of nursery habitats structure the fish assemblage on 
reefs along environmental gradients in a seascape comprised of mangroves, seagrass, 
and coral reefs in the WIO (Paper VI) 
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Methods 
 
Study sites 

 
The work presented in this thesis was conducted in three different sites; tropical south Bahía, 

Brazil (16º10’S, 38º54’W), in subtropical Arraial do Cabo in Rio de Janeiro state (22°57’S, 

42°01’ W), Brazil and in the tropical Bazaruto Archipelago in Mozambique (21.5°S, 35.4°E) 

(Fig 6 a, b and c respectively).

 

Figure 6. The sites where the studies in this thesis were performed; a) south Bahia state, Brazil, b) 
Arraial do Cabo, Rio de Janeiro state, Brazil and c) Bazaruto Archipelago, Mozambique 

The reef systems in the south western Atlantic (SWA) can be described as marginal and are 

characterized by low coral cover (~20%) and turbid waters (Leão et al. 2003). The biogenic 

reefs have been built up by bryozoans, scleratinian corals and calcareous algae (Bastos et al. 

2018). The reef fish assemblage is less species diverse than in the Caribbean (388 and 750 

species, respectively) and have a high level of endemism, although the two provinces also share 

several species (De Moura et al. 2001, Floeter et al. 2008). The Western Indian Ocean (WIO) 
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possesses true coral reefs, and a reef fish fauna of about 2000 species (Kulbicki et al. 2013). 

Only smaller seagrass species are present in the SWA (Fig. 7) (Halophila spp and Halodule 

wrightii)(Copertino et al. 2016). Thirteen different seagrass species have been recorded from 

the region, including large species such as Enhalus acoroides and Thalassodendron ciliatum 

(Gullström et al. 2002a). Seagrass systems cover large areas in the WIO, and are important 

fishing grounds for the coastal small-scale fisheries (Gullström et al. 2002b, Torre-Castro et al. 

2014, Nordlund et al. 2017). 

 

Figure 7. Examples of a Halodule wrightii seagrass meadow in the South Western Atlantic (left) and a 
Thalassodendron ciliatum seagrass meadow in the Western Indian Ocean (right) showing differences in 
seagrass structural complexity between provinces. Photo credits L. Eggertsen 

 
 
 
Fish surveys 

 
The fish community was surveyed with under water visual census (UVC). This method is 

widely used in reef environments, is non-destructive and efficient (Watson & Quinn 1997, 

Samoilys & Carlos 2000). Transects of 20*2 m were used at the south western Atlantic (SWA) 

study sites, and 25*4 m in the Western Indian Ocean (WIO) sites. This difference between 

study regions is due to the often low visibility in the SWA, where 20*2 m is used as a standard 

(Floeter et al. 2007). A diver swam along the transect line, recording all mobile fish within the 

respective distance along the transect tape in each study region (1 and 2 m to each side, 
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respectively). On the way back along the transect line, small and cryptic species were recorded. 

All fish were identified to the lowest taxonomic level possible and their sizes were estimated to 

the closest cm. This was noted on a PVC tube carried on each divers’ arm. Fish surveys in 

Arraial do Cabo were performed during 2014-2017, two times during summer months (January 

-March) and two times during winter months (July-August) to account for seasonal variation in 

fish recruitment. Surveys in Bahía were conducted during summer months in 2015 (February-

April), when visibility allows for UVCs and juvenile abundance is believed to be highest. Field 

work in the Bazaruto Archipelago was executed in Jan-April in 2016 and 2017. 

 

Habitat surveys 

 
Habitats were characterized through 50*50 cm quadrats that were placed along the fish UVCs. 

Each quadrat was photographed, and cover of the different organisms was then estimated 

visually, or for the WIO reef habitats, with the software PhotoQuad (Trygonis & Sini 2012). 

For the reef habitats, benthic organisms were categorised into morphological groups. In the 

WIO seagrass habitats, all seagrass shoots within one quarter of the quadrat were counted, to 

provide an estimation of shoot density. Tallest canopy height in the seagrass habitats were 

measured by measuring the 10 (visually estimated) tallest seagrass shoots within each quadrat, 

and then calculating an average. In the macroalgae/seaweed habitats, all shoots within each 

quadrat were measured.  

Habitat complexity was estimated on a 4-grade scale, where 1 corresponded to low complexity 

and 4 to very high. Depth was measured with a dive computer in the beginning of each UVC. 

 

Spatial metrics 

 
A thematic habitat map was constructed over the seascape at the WIO study site (Bazaruto 

Archipelago) in ArcMap (ESRI 2017). Substrate information was collected in the field by 
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walking or by boat, and the geographical positions of substrates were determined with a hand-

held GPS (Garmin eTrex Touch 25). The ground-truthed substrate points were then imported 

in ArcMap, and included in a satellite map over the area (LANDSAT 8). The substrate points 

were used to verify habitats that were visible on the satellite image, and habitat boundaries were 

manually outlined using the polygon tool in ArcMap. Habitats were categorised into “Sand”, 

“Channels”, “Sparse seagrass” (<30% cover), “Dense seagrass (>30 cover), “Mangroves”, 

“Land” and “Reef”. Distances between survey points to adjacent habitats were calculated using 

the Spatial Analyst functions in the ArcMap toolbox, and used as predictors in the statistical 

analyses. 

 

Data Analyses 

 
A range of different tests were used to analyse the collected data. ANOVA was used to detect 

differences in juvenile fish abundance between seasons and habitats in Paper I, and between 

habitats in Paper II. To understand how fish assemblages differed between the different 

surveyed habitats (Paper I-III), non-metric multi-dimensional scaling (NMDS) was performed 

to visualize fish assemblage distributions in ordination space (Paper I, II and III). Ordinations 

(Redundancy and Canonical Correspondence Analysis, (RDA and CCA)) were conducted to 

explore which environmental variables structure the fish assemblage species compositions in 

seagrass meadows and on reefs (Paper I – IV). Both RDA and CCA ordinations have been 

widely used on abundance and community data in ecological studies (Legendre & Gallagher 

2001). To understand relationships between juvenile fish abundance and environmental 

variables in Paper I, zero-inflated poisson regression models and Generalized Linear Models 

were performed. Zero-inflated models were used due to the large number of zeros in the data 

set. Analysing count data with many zeros using GLMs compromise results in models that 

poorly reflect reality, with too few zeros and too many large values (Hall 2000). When the 
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GLMs and the zero-inflated models were compared, the zero-inflated models were more 

parsimonious, and therefore used for the final models.  

Paper III and IV apply a seascape ecology approach, incorporating multiple scales in 

the statistical analyses. Seascape ecology builds on principles from landscape ecology and has 

been successfully used in studies on species of fish using multiple habitats (Pittman & Brown 

2011, Pittman 2018b). Variables both on a patch level (e.g. coral cover, seagrass cover and 

canopy height) and a seascape level (e.g. distances between patches) were used when modelling 

distribution patterns of fish. Boosted Regression Trees (BRTs) and Generalized Linear Models 

(GLMs) were used to understand relationships with predictor variables and fish abundance in 

Paper III and Paper I and IV respectively. Especially BRTs can handle predictors on different 

scales, and usually outperforms other ecological modelling techniques (Knudby et al. 2010, 

Elith & Leathwick 2011). A limiting factor for BRTs is however that a large amount of data is 

needed for accurate models (Franklin & Miller 2009). In Paper IV, where the number of 

replicates was not sufficient to model fish distribution patterns with BRTs, GLMs and GAMs 

were conducted instead, with z-score transformation to account for variability in scales of 

predictors. GAMs do have tendencies to overfit data (Logan 2010), and comparing the GAMs 

and GLM models, the GLM models performed better than the GAM models and were therefore 

used in the final results (Paper I and IV).  

 

 



 25 

Synthesis of results 
 
Distribution patterns of juvenile reef fish in the seascape differed between rocky and biogenic 

reef systems in the SWA, and between the SWA and the WIO. In general, Sargassum-

dominated seaweed beds were used as nurseries in the SWA, while seagrass meadows and 

mangroves were the primarily nursery habitats in the WIO (Fig. 8). Juvenile fish abundance 

was strongly influenced by within-habitat variables such as canopy height on the biogenic reefs 

in the SWA. In the WIO, where both variables on a seascape scale and on habitat patch level 

were explored, the seascape variables were more important in structuring the fish assemblage, 

both on reefs and within seagrass meadows (Fig. 8).  

Distinct juvenile reef fish distribution patterns were weak on the rocky reefs in the SWA 

(Paper I), while there was a clear difference in juvenile fish assemblage composition and 

abundance between different parts of the biogenic reefs in the tropical SWA (Fig. 8, Paper II). 

In the WIO, the seagrass meadows held high abundances of juvenile reef fish, but also a number 

of resident species (Paper III), while fish abundances of all life stages were very low in SWA 

seagrass meadows (Paper II). Fish assemblages on reefs were clearly structured by the 

arrangement of non-reef nursery habitats (seagrass meadows and mangroves) in the WIO 

seascape (Paper IV). In the SWA, seagrass meadows most likely have little effect on the adult 

fish assemblage due to the low abundance of observed fish in the seagrass (Paper II).  
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Figure 8. Conceptual framework of the main results from the four studies in the thesis. SWA = South 
Western Atlantic and WIO = Western Indian Ocean 

 
On subtropical rocky reefs in the SWA, where the only available habitat was the rocky 

reef itself, there were tendencies of higher abundances of reef fish in shallow, protected bays, 

but distribution patterns were not very clear (Paper I). This study included a reasonably large 

number of UVCs (n = 377), why we believe that the lack of patterns is not due to few replicates. 

Some taxa displayed higher abundances in high complexity areas, or in seasonal Sargassum 

stands compared to locations without Sargassum, but this was not true for all species. The 

presence of Sargassum had a structuring effect on the juvenile fish community composition, 

with higher abundances of Chaetodontidae and Sparisomatids compared to other microhabitats. 

Surveys were performed twice during the austral summer and winter months, but no overall 

difference in juvenile abundance between seasons was detected. This was due to low 

abundances of juvenile fish in the summer surveys in 2017 which were lower than juvenile 
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abundances in the 2015 summer and instead similar to juvenile abundances recorded in the 

winter surveys (2014 and 2015). The low abundances of juveniles could partly be linked to one 

of the Sargassum sites, which during the summer of 2015 held extremely high abundances of 

juvenile fish, but almost none in the summer of 2017. Sargassum canopy height and cover were 

very low in the summer of 2017, most likely due to haltered local upwelling because of the el 

Niño 2016-2017. This resulted in strong negative effects on the abundance of Haemulidae and 

Diplodus argenteus.  

On the biogenic reef systems in the SWA, spatial patterns of juvenile reef fish were 

more distinct. The Sargassum banks contained higher abundances of juvenile fish than all other 

surveyed habitats (back reef, fore reef and Halodule seagrass meadows, Fig 3, Paper II). This 

was especially true for two species of acanthurids (Acanthurus bahianus and Acanthurus 

chirurgus), and three species of parrotfish; Scarus trispinosus, Scarus zelindae and Sparisoma 

axillare. Canopy height was the most important predictor of juvenile fish abundance in the 

Sargassum habitat, similar to other studies on fish assemblages in seaweed habitats (Wilson et 

al. 2014, Lier et al. 2017). Abundance of juvenile fish was extremely low in the Halodule 

seagrass meadow habitat. Despite that the yellowtail snapper (Ocyurus chrysurus) is defined as 

obligatory dependent on seagrass meadows in the Caribbean (Cocheret de la Morinière et al. 

2003, Huijbers et al. 2013), no individuals of this species was recorded in the seagrass meadows 

in Bahía, SWA.  

Proportion of epilithic algal matrix (EAM) on the reefs was a strong predictor of the 

adult fish community, with most herbivores positively correlated to presence of calcareous turf 

algae (Jania and Amphiroa spp). Coral cover was in general low and had no influence on the 

juvenile or adult fish assemblage, in contrast to on coral reefs elsewhere (Bell & Galzin 1984, 

Coker et al. 2014, Darling et al. 2017).   
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Contrastingly to the SWA, the seagrass meadows in the Bazaruto Archipelago in the 

WIO contained a large number of juveniles from reef fish species (59 taxa, Paper III). They 

also harboured a resident fish assemblage that spend their whole life in seagrass beds. The 

seascape arrangement had a strong influence on community composition and species 

distributions, and was in general more important than within-habitat variables such as canopy 

height or seagrass cover. Distribution patterns of fish throughout the seagrass seascape differed 

between the main survey areas of São Sebastião, Vilanculos and Bazaruto Island, with a higher 

proportion of reef-associated species at the Bazaruto sites, and a higher proportion of 

mangrove-associated species in São Sebastião sites (Fig 2, Paper III).  

Importance of predictor variables for abundance distribution patterns were highly taxa-

specific (Boosted Regression Trees models). For the resident species Pelates quadrilineatus, 

distance to reef had a positive effect on abundance, while it had a negative effect on abundance 

on the nursery species Lethrinus variegatus. Distance to land had a negative effect on several 

species, both in the nursery and resident species category. Canopy height was only of main 

importance for the nursery species Scarus ghobban. Thus, although seagrass systems may seem 

homogenous, fish distributions differed throughout the seascape because of species-specific 

relationships with mainly seascape variables. 

Protection from fishing only had an effect on one of the studied taxa (P. quadrilineatus). 

Due to the strong influence of seascape variables on fish abundance, effects of protection may 

have been overshadowed by the effect of geographical location. Since effect of geographic 

location was taxa-specific, lack of protection effects could be linked to spatial distribution 

patterns of the different species (Fig 5, Paper III).  

The fish assemblage on the reefs included a number of species that utilise seagrass and 

mangroves as nursery habitats (Paper IV). Most species that were recorded in the seagrass as 

juveniles (Paper III), were observed on the reefs as adults (Paper IV), indicating ontogenetic 
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migrations between these habitats. There were strong effects on fish community structure by 

the arrangement of both seagrass meadows and mangroves (GLMs, Paper IV). On reefs with 

increased distance from nursery habitats, proportion of non-nursery species was higher 

compared to on reefs in the vicinity of these habitats. Abundance and biomass followed the 

same pattern, except for biomass of the mangrove-associated nursery species. For both lutjanids 

and haemulids, abundance decreased by about 50% at distances greater than 20km from 

mangroves (Fig 4, Paper IV). Configuration of the habitat mosaic within the seascape also had 

effects on fish distribution patterns throughout the archipelago; for the reefs that were separated 

from other reefs or habitats by areas of sand (>3km), isolation was more important than 

distance. For some species, ecological function differed between the nursery species and non-

nursery species, indicating that seascape arrangement also influences ecosystem functioning. 

This was especially evident for the parrotfish (Labridae: Scarinae), where reefs closer to 

nurseries were dominated by scrapers mainly from the genus Scarus. More distant or isolated 

reefs instead held higher proportions and abundances of Chlorurus spp. and Scarus 

rubroviolaceus, taxa that function as important bioeroders on reefs (Ong & Holland 2010, 

Bonaldo et al. 2014).  

 

General discussion  
 
This thesis studied several aspects and implications of presence and arrangement of reef fish 

nurseries within the coastal seascape. Two different provinces were included in the thesis; the 

south western Atlantic (SWA) and the Western Indian Ocean (WIO). These two provinces are 

fundamentally different in coastal morphology and seascape arrangement, which was also 

reflected in the nursery habitat use by juvenile reef fishes. The reef fish assemblages are also 

very different between provinces, with almost no species in common and species richness being 

a lot higher in the WIO compared to the SWA (2047 and 356 species respectively) (Kulbicki et 
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al. 2013).  Additionally, the SWA reef fish assemblage include many wide-ranging generalist 

species that may be less habitat-specific compared to the WIO fish assemblage. Few reef fish 

species in the SWA utilise mangroves and seagrass meadows as nurseries compared to the WIO, 

although presence of mangroves have been shown to increase abundance of two species of 

lutjanids on nearby reefs in the SWA (Moura et al. 2011, Aschenbrenner et al. 2016). Including 

broad-scale variables such as distances to adjacent habitats may therefore not be as useful in 

the SWA as in the WIO when studying fish assemblages on reefs. 

Shallow, vegetated habitats have been highlighted globally as important nurseries for 

fish (Parrish 1989, Adams et al. 2006, Sheaves et al. 2014, Sundblad et al. 2014). This was also 

true for the fish assemblages in this thesis. Tendencies to higher abundances in shallow bays 

with canopy-forming Sargassum was recorded for the rocky reef juvenile fish assemblage in 

subtropical SWA (Paper I). Likewise, this pattern was also visible in the WIO, where seagrass 

meadows close to shore held higher abundances of most juvenile fishes (Paper III).  

The lack of strong spatial or temporal distribution patterns on the SWA rocky reefs may 

indicate that reef fish on marginal rocky reefs are more generalists regarding habitat choice 

compared to fish assemblages on tropical biogenic reef systems (Paper I, Paper II, Paper III). 

This may be due to several reasons. The shallow bays and rocky reefs in Arraial do Cabo may 

provide sufficient shelter from predators due to the high structural complexity of the reef itself, 

and lessen the importance of canopy-forming algae. The importance of Sargassum cover for 

juvenile fish abundance on the tropical Bahían reefs (Paper II) is probably more linked to the 

seascape and reef configuration and structure. The reefs are biogenic patch reefs located a few 

km from the coast, with Sargassum growing on the shallow parts on top of the reefs. The hard 

structural complexity of the reef itself is low in the Sargassum beds, and in high tide, predatory 

fish are present (pers. obs. L. Eggertsen). Sargassum may therefore be essential as shelter from 

predators for juvenile fish. Likewise, at the subtropical Arraial do Cabo Sargassum bank, 
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located on a flat sandstone patch in a sandy area, presence of Sargassum was also of high 

importance for the fish assemblage. Importance of Sargassum cover may therefore be relative, 

and dependent on the underlying hard structural complexity and predator abundance. Changes 

in Sargassum cover and height due to climatic events or anthropogenic stressors may therefore 

have more severe effects on the juvenile fish assemblage in these locations compared to in areas 

with high hard structural complexity.  

Contrary to other tropical locations such as the Caribbean and Australia, few species in 

the SWA seem to be dependent on seagrass as a nursery habitat. Seagrass meadows contained 

few juvenile fish in the Bahían seascape (Paper II), which can be compared to the fish 

assemblage in the WIO seagrass meadows where the majority of fish were juvenile reef fish 

(Paper III). There are however two fundamental differences in habitat characteristics between 

these two provinces; structural complexity and spatial extent of habitat. The seagrass species 

Halodule wrightii that occur in the SWA is a lot smaller compared to the WIO seagrass species 

(10-15cm canopy height), where for example T. ciliatum can reach heights of more than 50cm 

(Gullström et al. 2002a). The yellowtail snapper, Ocyurus chrysurus, that is recognized as a 

seagrass nursery species in the Caribbean, occur in Caribbean T. testudinum meadows, but not 

in low structural H. wrightii meadows (Stoner 1983). Likewise, in the SWA, this species seems 

to be absent from these low structural H. wrightii meadows (Pereira et al. 2010, Paper II), 

indicating that different species of seagrass provide different ecological functions.   

Spatial extent and habitat availability may be a crucial factor for juvenile fish. Area of 

seagrass in the SWA is usually small with larger areas restricted to a few locations, such as 

Bahía de Todos os Santos (Copertino et al. 2016). Since production of fish per unit area of 

seagrass is rather low (Dahlgren et al. 2006), area of seagrass is important for juvenile fish 

abundance (Huijbers et al. 2013). Therefore, the SWA may not harbour seagrass systems large 

enough for fish to have developed nursery dependence on this habitat. Furthermore, factors 
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influencing nursery habitat choice was species specific, and distribution could be linked to life 

history or functional traits of fish (Verweij et al. 2006, Henderson et al. 2017, Paper I, II and 

III).  

 
Influence of seascape arrangement on fish distribution patterns 

 
Applying a seascape ecology approach gives valuable information and insights for 

understanding distribution patterns of fish in seagrass and reef systems in the WIO, while due 

to the low number of species that seem to use non-reef habitats, within-habitat variables seemed 

more important on the SWA reefs. For several species in the WIO, variables on the seascape 

scale were more important than habitat patch variables (Paper III, IV). Responses were in many 

cases linked to the life history of species where distance to adult or nursery habitats were 

important. Due to species-specific responses, it is considered difficult to generalize results on 

fish distribution patterns in seagrass seascapes (Boström et al. 2011). However, categorizing 

species according to nursery habitat use allowed for some generalizations, and seems to be a 

useful approach (Paper III). This could also be applied on the fish assemblages on reefs, where 

nursery habitat use had large effects on fish distributions and fish community structure (Paper 

IV). We therefore suggest that nursery habitat use should be included as a functional trait 

described for individual species when seeking to understand fish distribution patterns between 

seascape habitats. 

Fish assemblage composition on reefs has been found to be influenced by the proximity 

to nursery habitats (Harborne et al. 2016, Nagelkerken et al. 2017). This was also found in the 

Bazaruto Archipelago where low numbers of nursery species where observed on reefs far from 

nursery habitats. Not only distances, but also presence of features that can act as barriers are 

important for fish movement (Lowe et al. 2003). Large stretches of sand (>3km) seemed to 

impede fish movements between nursery and adult habitats (Paper IV) and  a combination of 
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these variables should therefore be considered to effectively manage important fishes 

distributed in multi-habitat seascapes.  

Seascape arrangement can also have effects on the outcomes of MPAs (Huntington et 

al. 2010). The weak effect of protection in the seagrass MPAs in Bazaruto may be due to several 

reasons, but among them also geographical placement (Paper III). The one species that showed 

a positive response to protection (Pelates quadrilineatus), occurred in higher abundancies 

closer to mangroves, where the protected areas were located. Not accounting for seascape 

variation when designing and analysing MPAs and their effectiveness may therefore impede 

correct management of coastal seascapes (Huntington et al. 2010, Paper III).  

 
Effects of nursery habitat arrangement on ecosystem functioning 

 
It is recognized that connectivity with other habitats increases fish species diversity on reefs 

(Olds, Pitt, Connolly, et al. 2012, Olds et al. 2016). If nursery habitats provide recruits that 

perform essential ecological functions on reefs, such as herbivorous parrotfish, reef functioning 

is also influenced by seascape arrangement (Mumby et al. 2006, Harborne et al. 2016). Effects 

on reef functioning by the presence of nurseries should therefore depend on functional groups 

present in the nursery assemblage. Comparing trophic groups present in mangroves and 

seagrass meadows between the SWA and the WIO, an important difference is that no herbivores 

are recorded in SWA seagrass while WIO seagrass systems contain several species from this 

group (Fig 9).   
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Figure 9. Proportion trophic groups in the juvenile fish assemblage in mangroves and seagrass 
meadows in the SWA and WIO. H = Herbivores, I = Invertivores, I/PI = Invertivores/Piscivores, O = 
Omnivores and P = Piscivores. Adapted from Eggertsen et al. (2018). Image courtesy of the Integration 
and Application Network, University of Maryland 

 

In the Bazaruto case, seagrass systems contributed with parrotfish mainly from the 

scraper category (Scarus ghobban), lutjanids of medium sizes and with shallow distributions as 

adults, and haemulids of large adult sizes (Paper III, IV) while mangroves also harboured 

juveniles of large-sized lutjanids (Lutjanus argentimaculatus) and haemulids (Plectorhinchus 

plagiodesmus)(unpubl. data, Eggertsen et al.). In contrast, excavating parrotfish and lutjanids 

of larger maximum sizes and with a larger depth range were in general more common on deeper 

reefs far from nurseries. Since feeding by parrotfish has been highlighted as an important 

function for reef health through mediating algae - coral interactions on reefs (Ledlie et al. 2007, 

Burkepile & Hay 2008, Adam et al. 2011) the closeness of nursery habitats will likely affect 

the composition of scrapers and excavators on reefs with consequences on ecosystem 

functioning.  
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In Bazaruto, reefs closer to mangroves had lower coral cover compared to reefs further 

away, which probably is a result of environmental conditions  (i.e. more turbid waters) (Everett 

et al. 2008). Scraping parrotfish may be well suited to conditions on these reefs, indicating that 

the parrotfish assemblage is also structured by bottom-up mechanisms such as benthic cover in 

addition to presence of nurseries (Russ et al. 2015). Use of non-reef habitats as nurseries may 

be more convenient for species that thrive on reef characterized by conditions such as low coral 

cover and higher sedimentation rates, decreasing the need to migrate to reefs located in clearer 

waters further offshore. This suggests that both the presence of nurseries as well as local 

environmental conditions contribute to shape parrotfish communities on Bazaruto reefs.  

 
Implications for management 

 

Since availability of nursery habitats is important for the adult fish population, it is imperative 

that the nursery function of these areas can be maintained intact. This is of concern especially 

on the rocky reef system in the SWA where nursery habitats overlapped with tourism (Paper I). 

Trampling, swimmers and snorkelers, thrash and sewage input are some of the disturbances 

that the areas containing highest abundances of juvenile fish suffer from. Restricting the number 

of swimmers and more careful handling of thrash could be useful approaches to diminish 

pressure in these areas. Additionally, the recognition of Sargassum as important nursery 

habitats on biogenic patch reefs in the SWA (Paper II) is important to avoid anchoring and 

trampling, that can cause substantial damage to this habitat (Azevedo et al. 2011). Canopy-

forming seaweeds were only recently  highlighted as important fish habitats in the tropics 

(Evans et al. 2013, Tano et al. 2017), urging the need to acknowledge these highly structurally 

complex habitats in management plans. 

In the WIO region, geographical placement of MPAs is important since seascape 

variables have been found to influence fish distributions in coastal seascapes, (Paper III, IV, 
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Berkström et al. 2013). This concerns both seagrass and reef habitats. Since distributions were 

species-specific, management may have to use a focal species approach when designing 

reserves, or create networks of MPAs incorporating areas with different characteristics that suit 

a range of species. Results also indicated that resident fish species that are subjected to fishing 

pressure during all life stages may suffer more from fishing compared to species that only reside 

in seagrass during the juvenile life stage (Paper III). If MPAs are to be used as a conservation 

strategy, these could be located in places with environmental conditions more optimal for these 

species.  

Grouping species according to nursery habitat usage can facilitate to determine more 

general threshold values in migration distances from nursery habitats (Paper IV), and lessen the 

need to study these patterns on species level which usually requires a large sampling effort. 

Furthermore, it is important to consider not only distances to nursery habitats, but also the 

configuration of the seascape and especially deep or barren areas that can act as barriers for fish 

(Paper IV) as well as regional differences in tidal amplitudes (Igulu et al. 2014).  

  
 

Future perspectives 

 
This thesis identified nursery habitats for juvenile reef fish on rocky and biogenic reefs in the 

SWA. To identify nursery habitats on a broader scale, it would be important to test if the 

observed patterns are valid to similar reef systems in other locations in the SWA. The 

importance of Sargassum as a nursery habitat was confirmed for several species of fish on 

biogenic tropical patch reefs in the SWA, including the key stone species Scarus trispinosus 

(Paper II). Other habitats, such as the branching hydrocoral Millepora alcicornis may function 

as shelter for juvenile fish when Sargassum is not present (Oliveira et al. 2016). It would be 

valuable to evaluate the importance of M. alcicornis as an alternative or additional nursery 

habitat on these reef systems. For several species of fish in the SWA, including species of high 
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commercial value, nursery habitat use is unknown. Despite the importance of the yellowtail 

snapper Ocyururs chrysurus for fisheries in the SWA (Costa et al. 2003), and the dependence 

on seagrass as a nursery habitat for this species in the Caribbean, no information is available on 

the juvenile distribution patterns within seascapes of the SWA. Identifying nursery habitat use 

of this species could also generate important insights in factors influencing nursery habitat 

choice, since it does not seem to utilise seagrass meadows in the SWA. Further studies on SWA 

seagrass fish assemblages would clarify the ecological function provided by this habitat. Few 

fish were encountered in this habitat (Paper II), but this may be different in other locations, e.g. 

where seagrass grows in shallow bays or estuaries (Pereira et al. 2010). 

For the large seagrass and reef system in the WIO, distribution patterns detected for fish 

in this thesis (Paper III, IV) should be evaluated and tested in other locations, to verify the 

applicability of the results. This is because threshold distances might change due to seascape 

configuration or tidal range. The seagrass meadows in the Bazaruto Archipelago are large and 

homogenous, and the majority of reefs are located far from them (>3km). In Zanzibar, threshold 

distances for ontogenetic habitat shifts of lutjanids were found at distances of less than 1km 

(Berkström et al. 2013), while effects of nursery presence on the abundance of nursery species 

in Bazaruto was found at distances of 10km (Paper IV) suggesting different threshold values in 

different settings. The tidal channels may facilitate migrations in the Bazaruto Archipelago, but 

fish may also modify migration distances depending on seascape configuration. It is possible 

that a more connected and fragmented seascape with coral reefs in close proximity to seagrass 

would allow for a higher number of species to utilise this habitat as a nursery. Studies how 

seascape heterogeneity influences fish distributions and habitat use would be needed to clarify 

this. 

Studies on the effects of nursery habitat arrangement on reef system functioning are 

lacking (but see Harborne et al. 2016, Martin et al. 2018). Since fish community on reefs were 
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structured by the arrangement of nursery habitats (Paper IV), it is likely that this influences 

functions on reefs and hence isolated reefs may be more vulnerable to fishing compared to 

connected reefs. However, this would depend on the species composition on reefs and what 

kind of ecological function the nursery fish species would provide compared to non-nursery 

species. Caribbean mangroves can enhance herbivory on nearby reefs through export of 

nominally herbivorous parrotfish (Harborne et al. 2016), but since WIO mangroves does not 

seem to harbour herbivorous nursery species (Fig 8, Eggertsen 2018), WIO mangroves most 

likely do not have this effect on reef functioning. Studying effects on reef functioning due to 

export of recruits from nurseries would therefore be important to understand dynamics in 

connected seascapes also in the WIO. Characterizing the fish assemblage on reefs along 

gradients of connectivity and incorporating fish functional traits may help to understand the 

vulnerability and resilience of reefs. This would also be important for the design of MPAs. 

Experimental MPAs with BACI approach (Before After Control Impact) could be used to 

further test the hypothesis that MPA effects are species-specific and dependent on geographic 

placement of the reserve.  

 

Conclusions 
 
Nursery habitat use of reef fish is an important mechanism in the coastal seascape. Nursery 

habitat use can change with seascape configuration, depending on the needs underpinning 

nursery habitat choice. Species-specific traits influence nursery habitat choice. Additionally, 

local conditions such as structural complexity of the habitat and depth may modify juvenile fish 

distribution patterns. An important conclusion from this thesis is that not all seagrass meadows 

are equally productive as nursery habitats. In the SWA few fish seem to utilise seagrass systems 

as nurseries, which may be explained by their low structural complexity and limited spatial 

extent. This highlights the need to carefully evaluate the importance of seagrass meadows as 
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nurseries and focus conservation efforts to preserve or restore more productive ones.  Very 

fragmented and sparse seagrass meadows may lose their values as nurseries for most species of 

juvenile fish. In the SWA, canopy-forming seaweeds such as Sargassum were instead more 

important as nurseries compared to seagrass meadows. This is important to highlight, since in 

many cases, larger seaweeds are seen as harmful to reef ecosystems. They are, however, a 

natural part of the reef ecosystem, and also sensitive to anthropogenic stressors. Actions should 

therefore be taken to preserve and monitor these habitats. 

In the WIO, geographical location of seagrass meadows had strong effects on juvenile fish 

abundance. The approach in Paper III can be used as a framework to study spatial fish 

distributions in seagrass systems. Distributions of resident and nursery fish species did overlap 

in the different seagrass meadows, but abundances were in most cases influenced in opposite 

directions by the environmental predictor in question.  This further highlights the need to 

recognize that not all seagrass meadows are equally important and productive as fish habitats 

for all species. This is essential to acknowledge when placing and designing MPAs. Especially 

location of seagrass meadows in relation to land had strong positive effects on abundance of 

most fish species, and this variable should therefore be included when studying these patterns.  

Further, availability and arrangement of non-reef nursery habitats in the WIO structured the 

fish assemblages on reefs and consequently influenced ecological functions in this habitat. 

Isolated reefs had lower abundances of nursery species, for both mangrove- and seagrass 

dependent species, and higher abundances of non-nursery species. Functional traits did however 

differ between nursery and non-nursery species. A well-connected reef may therefore not 

always be more resilient to disturbances compared to an isolated reef. This may be dependent 

on what function that is provided by the nursery species. Nursery habitat use in combination 

with arrangement of mangroves, seagrass meadows and seascape features such as open 

stretches of sand that act as barriers can therefore structure both fish community structure and 
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ecological functions on reef habitats. This highlights the importance of considering ontogenetic 

connectivity when seeking to understand fish distribution patterns and ecosystem function, as 

well as facilitating the management of heterogenous tropical reef seascapes.  

 

Acknowledgements 
 
This project would never have been possible without a large number of amazing people who 
have supported me through this journey.  
 
First, thank you to my supervisor Charlotte Berkström, that believed in me from the start and 
supported me through these years. Also to my co-supervisor Carlos “Cadu” Ferreira that made 
me grow, and to Nisse Kautsky for his immense knowledge and enthusiasm. This thesis 
would never have been possible without you guys! 
 
To my family that supported this adventure, and always welcomed me home.  
 
To the LECAR team -Moysés, Marcos, César, Vinicius, Matheus, Thiago, Ana Cecilia, 
Jessica, Clara, Ju and Quenia – thank you for all the adventures, all I have learned from you, 
all the fun and all the beers. Thank you for making me feel at home in Brazil! 
 
To my dupla, Bianca del Bianco Sahm and the del Bianco Sahm family 
 
My core field team in Bazaruto – Whitney (a.k.a. Biscoito), César, Marcos and Damboia, 
Doing research in remote places with little infrastructure is always a challenge, thank you for 
all the hard work you all put in to realize the impossible, through the peaks of amazingness 
and despair. I would also like to thank Chiara, Margaux and Amanda for field assistance. 
 
To my co-authors Martin Gullström, Salomão Bandeira, João and Rasmus 
 
To everyone at the BANP; especially Ricardina Matusse and Tomas Manasse.  
 
A warm thank you to everyone at The Sanctuary, especially Guillaume and Helga van Wyk, 
Hugh Brown, Orlando, Jerry and everyone at Msasa 
 
To my field team in Bahia; Luisa and Leticia, Bruno and Seu Nando  
 
All my friends in Sweden maintaining this long-distance friendship 
 
To some truly special people that means a lot to me; Teres, Linda, Laís, Jennifer & Guiga, 
Hannah, Thiony, Jane, Ines and Nay 
 
To Stockholm University, CAPES, WIOMSA and Coral Vivo for PhD scholarships, grant 
money and support. 
 
Thank you!  
 



 41 

And lastly, thank you ocean, for being amazing. 
 
Só vai cara! 
  



 42 

References  
 
Adam TC, Schmitt RJ, Holbrook SJ, Brooks AJ, Edmunds PJ, Carpenter RC, Bernardi G 

(2011) Herbivory , Connectivity , and Ecosystem Resilience : Response of a Coral Reef 
to a Large-Scale Perturbation. PLoS One 6:e23717 

Adams AJ, Dahlgren CP, Kellison GT, Kendall MS, Layman CA, Ley JA, Nagelkerken I, 
Serafy JE (2006) Nursery function of tropical back-reef systems. Mar Ecol Prog Ser 
318:287–301 

Alongi DM (2002) Present state and future of the world’s mangrove forests. Environ Conserv 
29:331–349 

Alonso Aller E, Jiddawi NS, Eklo JS (2017) Marine protected areas increase temporal 
stability of community structure , but not density or diversity , of tropical seagrass fish 
communities. PLoS One 12:1–23 

Aschenbrenner A, Hackradt CW, Ferreira BP (2016) Spatial variation in density and size 
structure indicate habitat selection throughout life stages of two Southwestern Atlantic 
snappers. Mar Environ Res 113:49–55 

Azevedo CAA, Carneiro MAA, Oliveira SR, Marinho-Soriano E (2011) Macrolgae as an 
indicator of the environmental health of the Pirangi reefs, Rio Grande do Norte, Brazil. 
Brazilian J Pharmacogn 21:323–328 

Bastos AC, Moura RL, Moraes FC, Vieira LS, Braga JC, Ramalho L V., Amado-Filho GM, 
Magdalena UR, Webster JM (2018) Bryozoans are Major Modern Builders of South 
Atlantic Oddly Shaped Reefs. Sci Rep 8:1–11 

Beck MW, Heck KL, Able KW, Childers DL, Eggleston DB, Gillanders BM, Halpern B, 
Hays CG, Hoshino K, Minello TJ, Orth RJ, Sheridan PF, Weinstein MP (2001) The 
Identification, Conservation, and Management of Estuarine and Marine Nurseries for 
Fish and Invertebrates. Bioscience 51:633–641 

Bell J, Galzin R (1984) Influence of live coral cover on coral-reef fish communities . Mar 
Ecol Prog Ser 15:265–274 

Berkström C, Gullström M, Lindborg R, Mwandya AW, Yahya SAS, Kautsky N, Nyström M 
(2012a) Estuarine , Coastal and Shelf Science Exploring ‘ knowns ’ and ‘ unknowns ’ in 
tropical seascape connectivity with insights from East African coral reefs. Estuar Coast 
Shelf Sci 107:1–21 

Berkström C, Gullström M, Lindborg R, Mwandya AW, Yahya S a. S, Kautsky N, Nyström 
M (2012b) Exploring ‘knowns’ and ‘unknowns’ in tropical seascape connectivity with 
insights from East African coral reefs. Estuar Coast Shelf Sci 107:1–21 

Berkström C, Lindborg R, Thyresson M, Gullström M (2013) Assessing connectivity in a 
tropical embayment: Fish migrations and seascape ecology. Biol Conserv 166:43–53 

Bonaldo RM, Hoey AS, Bellwood DR (2014) THE ECOSYSTEM ROLES OF 
PARROTFISHES ON TROPICAL REEFS. Oceanogr Mar Biol an Annu Rev 52:81–132 

Boström C, Pittman S, Simenstad C, Kneib R (2011) Seascape ecology of coastal biogenic 
habitats: advances, gaps, and challenges. Mar Ecol Prog Ser 427:191–217 

Burkepile DE, Hay ME (2008) Herbivore species richness and feeding complementarity 
affect community structure and function on a coral reef. Proc Natl Acad Sci 105:16201–
16206 

Cocheret de la Morinière E, Nagelkerken I, Meij H van der, Velde G van der (2004) What 
attracts juvenile coral reef fish to mangroves : habitat complexity or shade ? Mar Biol 
144:139–145 

Cocheret de la Morinière E, Pollux BJA, Nagelkerken I, Velde G Van Der (2003) Diet shifts 
of Caribbean grunts ( Haemulidae ) and snappers ( Lutjanidae ) and the relation with 
nursery-to-coral reef migrations. Estuar Coast Shelf Sci 57:1079–1089 



 43 

Coker DJ, Wilson SK, Pratchett MS (2014) Importance of live coral habitat for reef fishes. 
Rev Fish Biol Fish 24:89–126 

Copertino MS, Creed JC, Lanari MO, Barros K, Lana PC, Sordo L, Horta PA (2016) Seagrass 
and Submerged Aquatic Vegetation (VAS) Habitats off the Coast of Brazil: state of 
knowledge, conservation and main threats. Brazilian J Oceanogr 64:53–80 

Costa PAS, Braga A, Rocha L (2003) Reef fisheries in Porto Seguro , eastern Brazilian coast. 
Fish Res 60:577–583 

Creed JC, Aguiar MVP, Soares AC, Marques L V (2016) Seagrasses of Southeast Brazil. In: 
The Wetland Book. 

Dahlgren CP, Eggleston DB (2000) Ecological Processes Underlying Ontogenetic Habitat 
Shifts in a Coral Reef Fish. Ecology 81:2227–2240 

Dahlgren CP, Kellison TP, Adams AJ, Gillanders BM, Kendall MS, Layman CA, Ley JA, 
Nagelkerken I, Serafy JE (2006) Marine nurseries and effective juvenile habitats: an 
alternative view. Mar Ecol Prog Ser 312:291–295 

Darling ES, Graham NAJ, Januchowski-Hartley FA, Nash KL, Pratchett MS, Wilson SK 
(2017) Relationships between structural complexity, coral traits, and reef fish 
assemblages. Coral Reefs 36:561–575 

Dorenbosch M, Grol M, Christianen M, Nagelkerken I, Velde G van der (2005) Indo-Pacific 
seagrass beds and mangroves contribute to fish density and diversity on adjacent coral 
reefs. Mar Ecol Prog Ser 302:63–76 

Dorenbosch M, Grol M, Groene  a de, Velde G van der, Nagelkerken I (2009) Piscivore 
assemblages and predation pressure affect relative safety of some back-reef habitats for 
juvenile fish in a Caribbean bay. Mar Ecol Prog Ser 379:181–196 

Dorenbosch M, Grol MGG, Nagelkerken I, Velde G (2006) Different Surrounding 
Landscapes may Result in Different Fish Assemblages in East African Seagrass Beds. 
Hydrobiologia 563:45–60 

Dorenbosch M, Grol MGG, Nagelkerken I, Velde G Van Der (2005) Distribution of coral reef 
fishes along a coral reef-seagrass gradient: Edge effects and habitat segregation. Mar 
Ecol Prog Ser 299:277–288 

Eggertsen L (2018) Aspects of ecological connectivity of reef fish in the tropical coastal 
seascape and its effects on management and ecosystem functioning. Universidade 
Federal do Rio de Janeiro 

Elith J, Leathwick J (2011) Boosted regression trees for ecological modeling and prediction. 
Ecology 88:243–251 

Evans RD, Wilson SK, Field SN, Moore J a. Y (2013) Importance of macroalgal fields as 
coral reef fish nursery habitat in north-west Australia. Mar Biol 161:599–607 

Everett BI, Elst RP Van Der, Schelyer (2008) A NATURAL HISTORY OF THE 
BAZARUTO ARCHIPELAGO , (BI Everett, RP van der Elst, and MH Schleyer, Eds.), 
1st edn. South African Association for Marine Biological Research, Durban 

Faunce C, Serafy J (2008) Selective use of mangrove shorelines by snappers, grunts, and 
great barracuda. Mar Ecol Prog Ser 356:153–162 

Fischer J, Lindenmayer DB (2007) Landscape modification and habitat fragmentation: a 
synthesis. Glob Ecol Biogeogr 16:265–280 

Floeter SR, Krohling W, Gasparini JL, Ferreira CEL, Zalmon IR (2007) Reef fish community 
structure on coastal islands of the southeastern Brazil: The influence of exposure and 
benthic cover. Environ Biol Fishes 78:147–160 

Floeter SR, Rocha L a., Robertson DR, Joyeux JC, Smith-Vaniz WF, Wirtz P, Edwards  a. J, 
Barreiros JP, Ferreira CEL, Gasparini JL, Brito  a., Falcón JM, Bowen BW, Bernardi G 
(2008) Atlantic reef fish biogeography and evolution. J Biogeogr 35:22–47 

Francis AJ, Nilsson A, Waruinge D (2002) Marine Protected Areas in the Eastern African 



 44 

Region : How Successful Are They ? AMBIO A J Hum Environ 31:503–511 
Franklin J, Miller J (2009) Mapping Species Distributions, 1st edn. Cambridge University 

Press, New York 
Fulton CJ, Depczynski M, Holmes TH, Noble MM, Radford B, Wernberg T, Wilson SK 

(2014) Sea temperature shapes seasonal fluctuations in seaweed biomass within the 
Ningaloo coral reef ecosystem. 59:156–166 

Grol MGG, Rypel AL, Nagelkerken I (2014) Growth potential and predation risk drive 
ontogenetic shifts among nursery habitats in a coral reef fish. Mar Ecol Prog Ser 
502:229–244 

Gullström M, Bodin M, Nilsson PG, Öhman MC (2008a) Seagrass structural complexity and 
landscape configuration as determinants of tropical fish assemblage composition. Mar 
Ecol Prog Ser 363:241–255 

Gullström M, Bodin M, Nilsson PG, Öhman MC (2008b) Seagrass structural complexity and 
landscape configuration as determinants of tropical fish assemblage composition. Mar 
Ecol Prog Ser:7–9 

Gullström M, De M, Castro T, Bandeira SO, Björk M, Dahlberg M, Kautsky N, Rönnbäck P, 
Öhman MC (2002a) Seagrass Ecosystems in the Western Indian. Ambio 31 

Gullström M, De M, Castro T, Bandeira SO, Björk M, Dahlberg M, Kautsky N, Rönnbäck P, 
Öhman MC (2002b) Seagrass Ecosystems in the Western Indian Ocean. Ambio 31 

Hall DB (2000) Zero-Inflated Poisson and Binomial Regression with Random Effects : A 
Case Study. Biometrics 56:1030–1039 

Harborne AR, Nagelkerken I, Wolff NH, Bozec YM, Dorenbosch M, Grol MGG, Mumby PJ 
(2016) Direct and indirect effects of nursery habitats on coral-reef fish assemblages, 
grazing pressure and benthic dynamics. Oikos 125:957–967 

Hemingson CR, Bellwood DR (2016) Biogeographic patterns in major marine realms : 
function not taxonomy unites fish assemblages in reef, seagrass and mangrove systems. 
Ecography (Cop):1–8 

Hemingson CR, Bellwood DR (2017) Biogeographic patterns in major marine realms : 
function not taxonomy unites fi sh assemblages in reef , seagrass and mangrove systems. 
:1–8 

Henderson CJ, Olds AD, Lee SY, Gilby B, Maxwell P, Connolly R, Stevens T (2017) Marine 
reserves and seascape context shape fish assemblages in seagrass ecosystems. Mar Ecol 
Prog Ser 566:135–144 

Huijbers CM, Nagelkerken I, Debrot AO, Jongejans E (2013) Geographic coupling of 
juvenile and adult habitat shapes spatial population dynamics of a coral reef fish. 
Ecology 94:1859–1870 

Huijbers CM, Nagelkerken I, Debrot AO, Jongejans E, Ecology S, August N, Huijbers CM, 
Nagelkerken I, Debrot AO, Jongejans E (2013) Geographic coupling of juvenile and 
adult habitat shapes spatial population dynamics of a coral reef fish Stable URL : 
http://www.jstor.org/stable/23596988 REFERENCES Linked references are available on 
JSTOR for this article : Geographic coupling of juven. Ecology 94:1859–1870 

Huntington BE, Karnauskas M, Babcock EA, Lirman D (2010) Untangling Natural Seascape 
Variation from Marine Reserve Effects Using a Landscape Approach. PLoS One 5 

Igulu MM, Nagelkerken I, Dorenbosch M, Grol MGG, Harborne AR, Kimirei IA, Mumby PJ, 
Olds AD, Mgaya YD (2014) Mangrove habitat use by juvenile reef fish: Meta-analysis 
reveals that tidal regime matters more than biogeographic region. PLoS One 9 

Joyeux JC, Floeter SR, Ferreira CEL, Gasparini JL (2001) Biogeography of tropical reef 
fishes: The south Atlantic puzzle. J Biogeogr 28:831–841 

Kimirei IA, Nagelkerken I, Slooter N, Gonzalez ET, Huijbers CM, Mgaya YD, Rypel AL 
(2015) Demography of fish populations reveals new challenges in appraising juvenile 



 45 

habitat values. Mar Ecol Prog Ser 518:225–237 
Knudby A, Brenning A, LeDrew E (2010) New approaches to modelling fish-habitat 

relationships. Ecol Modell 221:503–511 
Knudby A, Roelfsema C, Lyons M, Phinn S, Jupiter S (2011) Mapping fish community 

variables by Integrating field and satellite data, object-based image analysis and 
modeling in a traditional Fijian fisheries management area. Remote Sens 3:460–483 

Kulbicki M, Parravicini V, Bellwood DR, Arias-Gonzàlez E, Chabanet P, Floeter SR, 
Friedlander A, McPherson J, Myers RE, Vigliola L, Mouillot D (2013) Global 
biogeography of reef fishes: A hierarchical quantitative delineation of regions. PLoS One 
8 

Laegdsgaard P, Johnson C (2001) Why do juvenile fish utilise mangrove habitats? J Exp Mar 
Bio Ecol 257:229–253 

Leão ZM a. N, Kikuchi R, Testa V (2003) Corals and coral reefs of Brazil. In: Cortés J (ed) 
In: Latin American Coral Reefs.p 9–52 

Ledlie MH, Graham NAJ, Bythell JC, Wilson SK, Jennings S, Polunin NVC, Hardcastle J 
(2007) Phase shifts and the role of herbivory in the resilience of coral reefs. Coral Reefs 
26:641–653 

Legendre P, Gallagher ED (2001) Ecologically meaningful transformations for ordination of 
species data. Oecologia 129:271–280 

Lier JR Van, Harasti D, Laird R, Noble MM, Fulton CJ (2017) Importance of soft canopy 
structure for labrid fish communities in estuarine mesohabitats. Mar Biol 0:0 

Logan M (2010) Biostatistical Design and Analysis Using R. 
Lowe CG, Topping DT, Cartamil DP, Papastamatiou YP (2003) Movement patterns, home 

range, and habitat utilization of adult kelp bass. Mar Ecol Prog Ser 256:205–216 
Martin TS, Olds AD, Olalde AB, Berkström C, Gilby BL, Schlacher TA, Butler IR, Yabsley 

NA, Zann M, Connolly RM (2018) Habitat proximity exerts opposing effects on key 
ecological functions. Landsc Ecol 

Micheli F, Halpern BS, Botsford LW, Warner RR (2004) NO-TAKE MARINE RESERVES. 
Ecol Appl 14:1709–1723 

Moura RL De, Figueiredo JL De, Sazima I (2001) A new parrotfish (Scaridae) from Brazil, 
and revalidation of Sparisoma amplum (Ranzani, 1842), Sparisoma frondosum (Agassiz, 
1831), Sparisoma axillare (Steindachner, 1878) and Scarus trispinosus Valenciennes, 
1840. Bull Mar Sci 68:505–524 

Moura RL, Francini-Filho RB, Chaves EM, Minte-Vera C V., Lindeman KC (2011) Use of 
riverine through reef habitat systems by dog snapper (Lutjanus jocu) in eastern Brazil. 
Estuar Coast Shelf Sci 95:274–278 

Mumby P (2006) Connectivity of reef fish between mangroves and coral reefs: Algorithms 
for the design of marine reserves at seascape scales. Biol Conserv 128:215–222 

Mumby PJ, Dahlgren CP, Harborne AR, Kappel C V, Micheli F, Brumbaugh DR, Holmes 
KE, Mendes JM, Broad K, Sanchirico JN, Buch K, Box S, Stoffle RW, Gill AB (2006) 
Fishing, trophic cascades, and the process of grazing on coral reefs. Science (80- ) 
311:98–101 

Mumby PJ, Edwards AJ, Arias-Gonzàlez E, Lindeman KC, Blackwell PG, Gall A, 
Gorczynska MI, Harborne AR, Pescod CL, Renken H, Wabnitz CCC, Llewellyn G 
(2004) Mangroves enhance the biomass of coral reef fish communities in the Caribbean. 
Nature 427:533–536 

Mumby PJ, Hastings A (2008) The impact of ecosystem connectivity on coral reef resilience. 
J Appl Ecol 45:854–862 

Nagelkerken I (2009) Ecological Connectivity among Tropical Coastal Ecosystems (I 
Nagelkerken, Ed.). Springer Netherlands, Dordrecht 



 46 

Nagelkerken I, Dorenbosch M, Verbeck WCEP, Cocheret de la Moriniere E, Velde G van der 
(2000) Day-night shifts of fishes between shallow-water biotopes of a Caribbean bay , 
with emphasis on the nocturnal feeding of Haemulidae and Lutjanidae. Mar Ecol 
194:55–64 

Nagelkerken I, Huebert KB, Serafy JE, Grol MGG, Dorenbosch M, Bradshaw CJA (2017) 
Highly localized replenishment of coral reef fish populations near nursery habitats. Mar 
Ecol Prog Ser 568:137–150 

Nagelkerken I, Kleijnen S, Klop T, Brand RACJ Van Den, Cocheret De La Morinière E, 
Velde G Van Der (2001) Dependence of Caribbean reef fishes on mangroves and 
seagrass beds as nursery habitats: A comparison of fish faunas between bays with and 
without mangroves/seagrass beds. Mar Ecol Prog Ser 214:225–235 

Nagelkerken I, Sheaves M, Baker R, Connolly RM (2015) The seascape nursery: A novel 
spatial approach to identify and manage nurseries for coastal marine fauna. Fish Fish 
16:362–371 

Nordlund LM, Unsworth RKF, Gullström M, Cullen-Unsworth LC (2017) Global 
significance of seagrass fishery activity. Fish Fish:1–14 

Nyström M, Folke C (2001) Spatial Resilience of Coral Reefs. Ecosystems 4:406–417 
Ogden JC, Quinn TP (1984) Migration in Coral Reef Fishes: Ecological Significance and 

Orientation Mechanisms. In: McCleave JD, Arnold GP, Dodson JJ, Neill WH (eds) 
Mechanisms of Migration in Fishes. Springer US, Boston, MA, p 293–308 

Olds AD, Albert S, Maxwell PS, Pitt KA, Connolly RM (2013) R E S E A RC H Mangrove-
reef connectivity promotes the effectiveness of marine reserves across the western 
Pacific. Glob Ecol Biogeogr:1–10 

Olds AD, Connolly RM, Pitt KA, Pittman SJ, Maxwell PS, Huijbers CM, Moore BR, Albert 
S, Rissik D, Babcock RC, Schlacher TA (2016) Quantifying the conservation value of 
seascape connectivity: A global synthesis. Glob Ecol Biogeogr 25:3–15 

Olds AD, Pitt KA, Connolly RM, Maxwell PS (2012) Primacy of seascape connectivity 
effects in structuring reef fish assemblages. Mar Ecol Prog Ser 462:191–203 

Olds A, Pitt KA, Olds AD, Connolly RM, Pitt KA, Maxwell PS (2012) Primacy of seascape 
connectivity effects in structuring reef fish assemblages. Mar Ecol Prog Ser 462:191–203 

Oliveira E, Coni C, Ferreira M, De RL, Meirelles PM (2016) An evaluation of the use of 
branching fire- corals (Millepora spp.) as refuge by reef fish in the Abrolhos Bank, 
eastern Brazil. 

Oliveira RR de S, Macieira RM, Giarrizzo T (2016) Ontogenetic shifts in fishes between 
vegetated and unvegetated tidepools: assessing the effect of physical structure on fish 
habitat selection. J Fish Biol 

Ong L, Holland KN (2010) Bioerosion of coral reefs by two Hawaiian parrotfishes: Species, 
size differences and fishery implications. Mar Biol 157:1313–1323 

Orth RJ, Carruthers TIMJB, Dennison WC, Duarte CM, James W, Jr KLH, Hughes AR, 
Kendrick GA, Kenworthy WJ, Olyarnik S, Short FT, Waycott M, Williams SL (2006) A 
Global Crisis for Seagrass Ecosystems. 56:987–996 

Parrish J (1989) Fish communities of interacting shallow-water habitats in tropical oceanic 
regions. Mar Ecol Prog Ser 58:143–160 

Parsons D, Buckthought D, Middleton C, MacKay G (2016) Relative abundance of snapper ( 
Chrysophrys auratus ) across habitats within an estuarine system. New Zeal J Mar 
Freshw Res 8330:1–13 

Parsons DM, Middleton C, Spong KT, Mackay G, Smith MD, Buckthought D (2015) 
Mechanisms explaining nursery habitat association: How do juvenile snapper 
(Chrysophrys auratus) benefit from their nursery habitat? PLoS One 10:1–16 

Pereira PHC, Ferreira BP, Rezende SM (2010) Community structure of the ichthyofauna 



 47 

associated with seagrass beds in Formoso River estuary - Pernambuco, Brazil. An Acad 
Bras Cienc 82:617–28 

Pina-Amargós F, González-Sansón G (2009) Movement patterns of goliath grouper 
Epinephelus itajara around southeast Cuba: Implications for conservation. Endanger 
Species Res 7:243–247 

Pittman SJ (2018b) Seascape Ecology (SJ Pittman, Ed.), 1st edn. John Wiley & Sons Ltd, 
Oxford 

Pittman SJ, Brown K (2011) Multi-scale approach for predicting fish species distributions 
across coral reef seascapes. PLoS One 6:e20583 

Pittman S, Caldow C, Hile S, Monaco M (2007) Using seascape types to explain the spatial 
patterns of fish in the mangroves of SW Puerto Rico. Mar Ecol Prog Ser 348:273–284 

Pittman SJ, McAlpine C (2003) Movements of marine fish and decapod crustaceans: process, 
theory and application. Adv Mar Biol 44:205–294 

Roberts CM, McClean CJ, Veron JEN, Hawkins JP, Allen GR, Mcallister DE, Mittermeier 
CG, Schueler FW, Spalding M, Wells F, Vynne C, Werner TB (2002) Marine 
Biodiversity Hotspots and Conservation Priorities for Tropical Reefs. Science (80- ) 
295:1280–1285 

Russ GR, Questel SLA, Rizzari JR, Alcala AC (2015) The parrotfish – coral relationship : 
refuting the ubiquity of a prevailing paradigm. Mar Biol 

Saenger P, Gartside D, Funge-Smith S (2013) A review of mangrove and seagrass ecosystems 
and their linkage to fisheries and fisheries management. 

Samoilys MA, Carlos G (2000) Determining methods of under water visual census for 
estimating the abundance of coral reef fishes. Environ Biol Fishes 57:289–304 

Schaeffer-Novelli Y, Cintrón-Molero G, Soares MLG, De-Rosa T (2000) Brazilian 
mangroves. Aquat Ecosyst Health Manag 3:561–570 

Sekund L, Pittman S (2017a) Explaining island- - wide geographical patterns of Caribbean 
fish diversity : A multi- - scale seascape ecology approach. :1–19 

Sekund L, Pittman S (2017b) Explaining island- - wide geographical patterns of Caribbean 
fish diversity : A multi- - scale seascape ecology approach. Mar Ecol 38 

Sheaves M, Baker R, Nagelkerken I, Connolly RM (2014) True Value of Estuarine and 
Coastal Nurseries for Fish: Incorporating Complexity and Dynamics. Estuaries and 
Coasts 38:401–414 

Shideler GS, Araujo RJ, Walker BK, Blondeau J, Serafy JE (2017) Non-linear thresholds 
characterize the relationship between reef fishes and mangrove habitat. Ecosphere 
8:1DUMMY 

Shideler GS, Sagarese SR, Harford WJ, Schull J, Serafy JE (2015) Assessing the suitability of 
mangrove habitats for juvenile Atlantic goliath grouper. Environ Biol Fishes 98:2067–
2082 

Stoner AW (1982) The influence of benthic macrophytes on the foraging behavior of pinfish, 
Lagodon rhomboides (Linnaeus). J Exp Mar Bio Ecol 58:271–284 

Stoner AW (1983) Distribution of fishes in seagrass meadows: role of macrophyte biomass 
and species composition. Fish Bull 81:837–846 

Sundblad G, Bergström U, Sandström A, Eklöv P (2014) Nursery habitat availability limits 
adult stock sizes of predatory coastal fish. ICES J Mar Sci 71:672–680 

Tano SA, Eggertsen M, Wikström SA, Berkström C, Buriyo AS, Halling C (2017) Tropical 
seaweed beds as important habitats for juvenile fish. Mar Freshw Res 

Tomas F, Turon X, Romero J (2005) Effects of herbivores on a Posidonia oceanica seagrass 
meadow: Importance of epiphytes. Mar Ecol Prog Ser 287:115–125 

Torre-Castro M, Di G, Jiddawi NS (2014) Seagrass importance for a small-scale fishery in the 
tropics : The need for seascape management. Mar Pollut Bull 83:398–407 



 48 

Trygonis V, Sini M (2012) PhotoQuad: A dedicated seabed image processing software, and a 
comparative error analysis of four photoquadrat methods. J Exp Mar Bio Ecol 424–
425:99–108 

Verweij MC, Nagelkerken I, Graaff D De, Peeters M, Bakker EJ, Velde G Van Der (2006) 
Structure, food and shade attract juvenile coral reef fish to mangrove and seagrass 
habitats: A field experiment. Mar Ecol Prog Ser 306:257–268 

Watson RA, Quinn TJ (1997) Performance of transect and point count underwater visual 
census methods. Ecol Modell 104:103–112 

Wilson SK, Depczynski M, Holmes TH, Noble MM, Radford BT, Tinkler P, Fulton CJ 
(2017) Climatic conditions and nursery habitat quality provide indicators of reef fish 
recruitment strength. Limnol Oceanogr 62:1868–1880 

Wilson SK, Fulton C, Depczynski M, Holmes TH, Noble MM, Radford B, Tinkler P (2014) 
Seasonal changes in habitat structure underpin shifts in macroalgae-associated tropical 
fish communities. Mar Biol 161:2597–2607 

 
 
 


