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The effectiveness of a marine reserve was investigated within 2.25 yr before, and 

within 1.5 yr after its implementation in 2001. Data from fish surveys within the Piti 

Reserve in Guam, Mariana Islands were analyzed to determine if fish density and 

diversity were influenced by reserve protection. Visual surveys within 50 m x 5 m 

transects and 30-min interval timed-swim counts were conducted within different habitats 

on the forereefs (two at the 6.1 m, two at the 9.1 m, two at the 12.2 m., and two at the 

15.2 m depths) and reef flats (seagrass, coral/rubble, and channel). A paired t-test, 

Wilcox in signed rank test, and Scheirer-Ray-Hare two-way ANOV A for ranked data, 

where appropriate, were used to determine density responses to protection. Shannon 

diversity indices were calculated to compare species richness and abundance, and 

evenness values were calculated to determine how equally abundant species are within 

the reserve. 

The results suggest that density and diversity of reef fishes increased within the 

brief period of reserve protection. Three species, Acanthurus nigricauda and Naso 



lituratus (both Acanthuridae), and Parupeneus multifasciatus (Mullidae) responded 

significantly to protection in the forereef habitat. Diversity was significantly higher on 

the forereef habitat, with species distributed more evenly over time. Lastly, the data 

indicate that protection may have short-term effects upon certain species; long-term 

monitoring in permanent reserves is needed to evaluate the overall effects of protection. 
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INTRODUCTION 

The effectiveness of marine reserves as a fisheries management and conservation 

strategy has received considerably more attention within the last few years. This interest 

arises not just from the realization that conventional fisheries management, which is 

designed for single species, may be unsuited for tropical regions (Roberts and Polunin 

1991, Rudd et al. 2002, Halpern 2003), but also from the understanding that there are 

potential problems and obstacles in implementing, designing, and selecting marine 

reserves because of social or political processes (Halpern 2003, Roberts et al. 2003). 

When reserves are considered or have been used as a management option, questions 

regarding the goals of a reserve usually arise. These goals are usually to protect stocks 

and habitats, maintain biodiversity, restore ecosystem balance, and support fisheries by 

contributing towards the replenishment of larvae and adults to adjacent fished areas 

(Florida Forum Report 1997, Nowlis and Roberts 1999, Roberts et al. 2001, Bergen and 

Carr 2003, Lubchenco et al. 2003, Hooker and Gerber 2004, Williamson et al. 2004). 

The number of empirical studies involving marine reserves has increased within 

the last ten years (Willis et al. 2003, Gell and Roberts 2003). The majority of these 

studies focuses upon the abundance of stocks within reserves and to a lesser extent upon 

the effects of spillover and larval export from reserves (Polunin and Roberts 1993, 

Rakitin and Kramer 1996, Russ and Alcala 1996, Wantiez et al. 1997, Edgar and Barrett 

1999, Roberts et al. 2001, National Research Council (NRC) 2001, Rudd et al. 2002, 

Halpern 2003, Willis et al. 2003, Gell and Roberts 2003, Palumbi 2003). Despite the 

increase in studies, criticism has been raised about the efficacy of marine reserves as a 



management strategy (Halpern 2003, Gell and Roberts 2003). Scientists have questioned 

whether the management goals for a marine reserve are clearly defined, or if a reserve has 

been successful in fulfilling its management goals (Tupper 2002, Jameson et al. 2002, 

Willis et al. 2003, Botsford et al. 2003, Bergen and Carr 2003). Many reserves have been 

created through political or social processes, but few have been created or designed with 

an understanding of how reserves are affected by biological factors, how they affect other 

biological factors within and outside of reserves, and how biological goals can be met 

more effectively (Roberts et al. 2003, Halpern 2003, Gell and Roberts 2003). 

Many previous studies have demonstrated the effectiveness of marine reserves on 

the abundance of fishes (Alcala 1988, Russ and Alcala 1989, 1994, 1998, Polunin and 

Roberts 1993, Rakitin and Kramer 1996, Wantiez et al. 1997, Edgar and Barrett 1999, 

Chiappone et al. 2000, Roberts et al. 2001, Walmsley and White 2003, Williamson et al. 

2004, Nardi et al. 2004). These studies have shown significant increases for certain 

families and species of fishes within reserves as compared to non-reserve areas. The 

quality of empirical evidence supporting the use of reserves is often questioned, however 

(Gell and Roberts 2003, Bergen and Carr 2003, Halpern 2003, Edgar et al. 2004). Many 

studies have problems with replication, lack of control sites, and a lack of time series data 

collection (Willis et al. 2003, Halpern 2003, Edgar et al. 2004). In regard to fisheries 

benefits, studies on the effects of spillover are emerging from a wide range of habitats 

and fisheries, but studies of larval export remain limited (Palumbi 2003, Gell and Roberts 

2003). Critics argue that empirical evidence for benefits to fisheries is merely 

speculative, and conventional approaches can achieve the same ends (Bergen and Carr 

2003). Tupper (2002) pointed out that the use of conventional approaches, such as bag 
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and slot limits, has resulted in size increases of red and black drum across the entire 

fisheries on the east coast of Florida. Furthermore, he stated that the establishment of the 

marine reserves in the Merritt Island National Wildlife Refuge in east Florida has resulted 

in trophy size fish only within a limited area outside their boundaries. 

Other factors that are obstacles for the success of marine reserves are pollutants 

and sediments from atmospheric, terrestrial, and oceanic sources. If reserves are located 

in areas where they are subject to numerous and uncontrollable stressors, the environment 

can be degraded and protection compromised (Jameson et al. 2002). Insufficient 

community and state capacity for the support and management of reserves are also 

important determinants that affect reserve success (Jameson et al. 2002, Rudd et al. 

2002). When communities collectively support the reserves and government agencies 

provide the necessary financing, monitoring, enforcement, and technical expertise, 

reserves will have the greatest potential in achieving their goals (Jameson et al. 2002, 

Rudd et al. 2002). 

Because marine reserve research is still in its infancy, there has been little 

scientific basis to assess the effectiveness of various reserve designs and few quantitative 

approaches to monitor reserves (Botsford et al. 2003, Hooker and Gerber 2004). For this 

reason, many models and criteria for the design of marine reserves have appeared 

recently (Willis et al. 2003). These models and criteria can help resource managers better 

design reserves so goals may be attained (Nowlis and Roberts 1999, Gerber et al. 2002, 

Botsford et al. 2003, Gaines et al. 2003, Airame et al. 2003, Carr et al. 2003, Gerber et al. 

2003, Roberts et al. 2003, Leslie et al. 2003, Neigel 2003, Shanks et al. 2003, Stewart et 

al. 2003, Hooker and Gerber 2004, Micheli et al. 2004a). Resource managers need to 
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determine whether marine reserves are the best management strategy or if existing 

reserves can be better managed in order to reach their goals (Tupper 2002). If reserves 

are not a viable management option, they are either not worth implementing or need to be 

restructured (Jameson et al. 2002). 

In 1988, a study was conducted by the Guam Department of Agriculture's 

Division of Aquatic and Wildlife Resources (DA WR), the local government agency 

responsible for controlling and regulating the fisheries, to assess the feasibility of 

delineating 20% of Guam's coast as marine reserves. The study assessed sixty sites, and 

the following general criteria were used to select the marine reserves sites (Guam DA WR 

2000e): (1) the reserves should be established in areas that have broad habitat diversity; 

(2) the areas must be large enough to serve as a resource refuge and to accommodate the 

needs of the prospective users without focusing overuse of the areas and creating 

negative environmental impact; (3) the areas should be equally accessible to residents as 

well as visitors; (4) the boundaries must be well defined and easily recognized inside and 

outside the reserves; (5) the area should provide protection for spawning fishes; (6) the 

areas should benefit recreational users and fishers; (7) conflicts of interest between user 

groups should be kept to a minimum, while surveillance and enforcement are maximized; 

and (8) safety must be a major factor in selecting areas for reserves. 

From these criteria, DA WR proposed initially five permanent and four rotating 

reserves in 1993. After public comments and written testimonies from hearings, DA WR 

removed the four rotating reserves. In 1995, DA WR held another set of public hearings. 

During this process, one community asked to reinstate a rotating reserve and to change its 

status to that of a permanent reserve. This brought the number of permanent reserves to 
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six. One of the reserves was removed by the Twenty-Fourth Guam Legislature, and five 

reserves, which represent approximately 11.5% of the Guam's coast, were eventually 

established through Public Law 24-21 on May 17, 1997. Because of legal issues (Corbett 

1998), enforcement of the reserves was delayed until January 2001. 

Prior to the implementation of the marine reserves, the management of fishes on 

Guam involved a conventional approach that included restrictions on gear, such as mesh 

sizes and lengths of nets, and the use of destructive methods, such as poisons or 

chemicals. There were no restrictions on fish sizes, catch limits, spearfishing, or gill 

netting. The use of these limited conventional approaches has not been successful on 

Guam. Evidence for this is provided by the Guam DA WR inshore fisheries creel survey. 

From 1985 to 1997, annual inshore fishery harvests declined by approximately 49%, 

from 88.6 metric tons to 45.6 metric tons, and catch per unit effort declined 

approximately 74%, from 0.72 kg/gear-hour (gh) to 0.19 kg/gh (Guam DA WR 2000a

m). 

The conventional management approach was re-evaluated by DA WR, and the use 

of marine reserves was selected as an alternative option. One factor leading to this 

decision was the idea that enforcement would be easier in an area completely closed or 

partially closed to fishing, as compared to implementing size or catch limits on fishes 

where enforcement officers would have to inspect each fisher's catch for compliance. 

Also, reserves were viewed as an efficient way to manage fisheries while preserving 

stocks, biodiversity, and coral reef ecosystems. 
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With the establishment of marine reserves on Guam, the opportunity exists to 

evaluate the role of marine reserves as an alternative management approach to reef 

fisheries . Thus far, two studies (M.H. Tupper pers. comm. 2001, Tsuda and Donaldson 

2004) have been conducted on the abundance and diversity of fishes within reserves, but 

these studies have little or no baseline data that may be used for comparison. To improve 

data quality, studies should take measurements before and after the creation of a reserve 

(Halpern 2003). 

The present study compares data from a reserve and non-reserve site that was 

collected within 2.25 yr before implementation with that collected within 1.5 yr after 

implementation. I addressed the following question: Is there a difference in the density 

and diversity of fishes within a marine reserve compared to a non-reserve area? 
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MATERIALS AND METHODS 

Study Area 

Guam, the southernmost and largest of the Marianas Islands, is a U.S territory 

located in the western Pacific Ocean at 13°28' N 144°45' E. The island is approximately 

48 km long and 6 to 14 km wide, with an estimated land area of 560 km2 (Amesbury and 

Callaghan 1981). The climate is tropical, and easterly trade winds occur throughout half 

of the year. Northern Guam, which contains a freshwater lens, is relatively flat with 

uplifted limestone that rises to 259 m (Amesbury and Callaghan 1981). Southern Guam 

is dominated by steep sloping mountains and hills that reach a maximum elevation of 405 

m (Amesbury and Callaghan 1981). Fringing reefs surround most of the island and vary 

in width from 10 to more than 100 m. Barrier reefs enclose a shallow and deep lagoon at 

the southern and central western part of the island, respectively. 

Study Sites 

The Piti Reserve, the experimental site, (Figure 1) is a no-take reserve with an 

area of approximately 3.64 km2 (D.R. Burdick pers. comm. 2004) that is located on the 

western (leeward) side of the island. The reef flat is developed irregularly and ranges in 

width from 72 m on the western end to 978 m on the eastern end (Randall and Eldredge 

1976). A narrow outer reef flat, resembling a barrier reef with a shallow lagoon, encloses 

the eastern end of the reserve; a number of deep pools and a natural sink (karst formation) 

approximately 9.1 to 9.7 m in depth (Tsuda and Donaldson 2004) encircle the eastern 

end. The western end consists of a channel, with much of the reef flat around it exposed 
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during low tide. Sand mixed with silt, clay, and rubble dominates the inner reef flat, 

while reef rock with scattered boulders dominates the outer reef flat. Corals are absent to 

moderately abundant, and seagrasses are distributed along the inner reef flat (NOAA 

National Centers for Coastal Ocean Science (NCCOS) 2005). The forereef slope consists 

mainly of rocks and boulders scattered throughout the area, and little live coral cover. 

The angle of the forereef slope is steep with very little distance between depths (Randall 

and Eldredge 1976). 

Cocos Lagoon, located at the southern end of the island, is the control site for the 

reef flat component of this study. The lagoon is triangular in shape and includes a 

shallow area enclosing a smaller, deeper area. A barrier reef surrounds the lagoon, while 

an irregularly developed fringing reef extends from shore. The area of the lagoon and 

barrier reef is 10 km2 (Randall and Eldredge 1976). Sand mixed with rubble and patches 

of reef rock dominate the shallow lagoon area. Sand and rubble dominate the fringing 

reef, while reef rock and rubble dominate the barrier reef. Corals are absent to 

moderately abundant on both the fringing and barrier reef, and scattered to moderately 

abundant in the shallow lagoon area. Seagrasses occur mostly on the inner fringing reef, 

and are scattered to moderately abundant on the barrier reef and shallow lagoon, 

especially where the lagoon borders the fringing reef (Randall and Eldredge 1976, 

NOAA National Centers for Coastal Ocean Science (NCCOS) 2005). 

The Asan forereef slope, the control site for the forereef slope component of this 

study, is on the western side of the island adjacent to the Piti Reserve. The site is similar 

to the forereef slope of the preserve except for fewer boulders scattered throughout the 

area (Randall and Eldredge 1976). 
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Transects 

Belt transects, 50 m x 5 m, were laid out within Piti Reserve, Asan forereef slope, 

and Cocos Lagoon. Eight belt transects (two at the 6.1 m, two at the 9.1 m, two at the 

12.2 m., and two at the 15.2 m depths) were laid out on each of the forereef slopes of the 

Piti Reserve and Asan. Eight transects (three within the seagrass zone, three within the 

coral and rubble zone, and two within the reef channel) were laid out on each of the reef 

flats of the Piti Reserve and Cocos Lagoon. The transects were sampled from 1998 

(November 6, 10, 13, and December 14, 17) to 1999 (June 21, 29, and September 8, 16), 

and from 2001 (June 19,28, and July 3,17,26) to 2002 (March 7, April 2, 25, and May 

22,24,30. 

Two to four snorkelers or scuba divers, who deployed a measuring tape secured at 

both ends to delineate the length of the transect, surveyed it. Fishes were counted along 

the transect line by two observers, one to the left and the other to the right of the transect 

line. Concurrently, a new transect line was laid by a third and fourth observer while the 

other observers counted fishes along the first transect line. Then, the first two observers 

moved on to the second transect and repeated the counting process while the tape from 

the first transect was retrieved and, if necessary, deployed again. This process continued 

until all transects were laid and all fish counts completed. 

Observers swam slowly at a constant pace and recorded the number of individuals 

of each species observed from each of ten families of fishes (Table 1). These species 

were chosen because they are targeted commonly by fishers, while a few, such as 

Bolbometopon muricatum (Scaridae) and Cheilinus undulates (Labridae), were based 
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upon rare occurrences in reported catches (Guam DA WR 2000a-n). Juvenile and adult 

scarids that could not be identified were included in the unidentified scarid category 

(Table 1). Fish species identifications followed Myers (1999). 

The transects were separated end to end by at least 5 m. In addition to the 

placement of the markers (PVC pipes), Global Positioning System (GPS) coordinates 

were recorded, photographs were taken of landmarks, and maps were made for 

subsequent use in relocating transect sites. 

Interval Timed-Swim Counts 

Interval counts, which involved recording the number of food fish species, 

butterflyfishes, and individuals per 30-min observation period, were conducted on the 

reef flats and the forereef slopes of each site. For the purposes of the present study, food 

fish species are defined as those species caught for human consumption, excluding Selar 

crumenophthalmus (Carangidae) and species within the family Siganidae (Guam DA WR 

2000a-n). Four interval counts (two between the 6.1-9.1 m and two between the 12.2-

15.2 m depths) were conducted between two transect sites along the forereef slopes at the 

Piti Preserve and Asan sites. Three interval counts (one within the seagrass zone, one 

within the coral and rubble zone, and one within the reef channel) were conducted on 

each of the reef flats of the Piti Preserve and Cocos Lagoon. These counts occurred from 

1998 (November 24,27, and December 3,17) to 1999 (January 28, June 21, 29, and 

September 8), and from 2001 (August 28, November 6, and December 6) to 2002 (March 

7, April 2, May 9, and June 5, 6, 20). 
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Table 1. List of families and species censused in the study. 

Family Species Family Species 

Acanthuridae Acallflzllrus bloc/Iii Lutjanidae LlItjalllls jlllvlIs 
Acallfllllrus lilleaflls Lllfjalllls gibblls 
Acallflzllrus Iligricalls LlIfjalllls mOllosfigmlls 
Acallflzllrus Iligricauda 
Acanflzllrus olivaceolls 
Acallflzllrus friosfeglls Mugilidae Moolgarda selzeli 
Acallflzllrus xallfllOpferlls Elloclzelon vaigiellsis 
Naso lifllrafllS 
Naso IIIlicomis 

Mullidae Mlllloidiclzflzys flavolilleaflls 
Parupellells barberillllS 

Carangidae Carallx igllobilis Parupellells bijasciaflls 
Carallx melampyglls Parupellells mllifijasciaflls 
Carallx papllellsis 
Carallx sexfasciafus 

Scaridae Bolbomefopoll mllricafllm 
Cefoscarus bicolor 

Kyphosidae KypllOslls cillerascellS Clzlorurlls jrollfalis 
KyplzoslIs vaigieflSis Clzlorurus microrlzillos 

Clzlorurus sordidlls 
Hipposcarlls IOllgiceps 

Labridae CizeilillliS jasciatlls Scarus alfipimlis 
Cizeilio illermis Scarus globiceps 
Cizeililllls frilobafus Scarus psiffaclls 
Cizeilinlls IIIldlllaflls Scarus rubroviolaceolls 
Hemigymlllls melapferus Scarus sclzegeli 
OXYc/leililllls IIIlijasciaflls Unidentified scarids (Group) 

Lethrinidae LeflzrillllS Iza rak Serranidae Ceplzalopholis argus 
LeflzrillllS obsolefllS Ceplzaloplzolis IIrodefa 
Leflzrinlls xallfllOclzilllS Epineplzellls jasciatus 
MOllofaxis grandocllius Epineplzellls merra 

Epineplzellls polyplzekadioll 
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Data Analyses 

A two-tailed paired t-test was used to compare fish densities within sites, families, 

and species over time (Sokal and Rohlf 1995). A two-way analysis of variance 

(ANOV A) (Sokal and Rohlf 1995) was the preferred method to compare fish densities 

between sites, families, species, and time, but the assumptions of the ANDV A could not 

be met. When the assumptions of the ANOV A were not met, even after square root and 

log transformations, the non-parametric Wilcoxon signed rank test and Scheirer-Ray

Hare (SRH) two-way ANOVA for ranked data were used to analyze densities (Sokal and 

Rohlf 1995). Statview 5.0 Statistical System for PC (Abacus Concepts 1998) was used to 

calculate the two-tailed paired t-test and the Wilcoxon signed rank test, while BIOMstat 

3.3 Statistical Software for Windows (Rohlf and Slice 1999) was used to calculate the 

Scheirer-Ray-Hare (SRH) two-way ANOV A for ranked data. 

Species richness (the number of species, S) and abundance (total abundance of all 

species, N) were recorded within each site before and after reserve implementation. For 

determinations of species diversity, a Shannon diversity index (H') was calculated to 

compare species richness and abundance over time in each study site (Magurran 1988). 

Then, diversity evenness (E) values were calculated to determine how equally abundant 

species are within each of the study sites (Magurran 1988). Finally, a t-test was used to 

compare differences in diversities over time (Magurran 1988). 

13 



RESULTS 

Density 

Overall densities within Asan forereef slope, Cocos Lagoon, Piti fore reef slope, 

and Piti reef flat before and after reserve implementation varied at each site (Figure 2). 

After reserve implementation, higher abundances were observed within the reserve sites 

than the non-reserve sites (Figure 2). Asan forereef slope was the only site that had a 

significant decrease after reserve implementation (paired t-test, t = 2.59, df = 7, P = .036) 

(Figure 2). There was a significant interaction between location and time (SRH two-way 

ANOV A, H = 9.12, df = 3, P = 0.028). However, no significant difference was detected 

for time (Table 2). 

Densities of families within Asan forereef slope varied before and after reserve 

implementation (Figure 3). Lower densities were recorded for all families except the 

Labridae after implementation, with the Scaridae having the highest density and the 

Labridae having the lowest density (Figure 3). The Mullidae was the only family that 

showed a significant difference in density after reserve implementation (paired t-test, t = 

3.00, df = 7, P = 0.0199) (Figure 3). Chlorurus sordidus was the most abundant species 

at the Asan forereef slope before and after reserve implementation (Figure 4). All but 

three species were observed to have lower densities after implementation (Figure 4). 

Analysis of Cephalopholis urodeta (paired t-test, t = 2.39, df = 7, P = 0.048) and 

Parupeneus multifasciatus data (paired t-test, t = 3.00, df = 7, P = 0.020) indicated that 

they were the only species with significant differences in density before and after 

implementation (Figure 4). There were significant differences detected between family 
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(SRH two-way ANOV A, H = 1.08, df = 4, P = 0.0003) and time (SRH two-way 

ANOVA, H = 7.79, df = 1, P = 0.0053) within the Asan forereef slope (Table 3). The 

species factor (SRH two-way ANOVA, H = 51.46, df = 13, P = 0.000001) and the 

interaction of species and time (SRH two-way ANOV A, H = 22.88, df = 13, P = 0.0431) 

were significantly different after implementation (Table 4). 

Within Cocos Lagoon, the Scaridae appears to predominate during both time 

periods (Figure 5). Unidentified scarids, followed by Chlarurus sardidus, were the most 

abundant species recorded within the lagoon (Figure 6). No significant differences 

existed within families (Figure 5) and species (Figure 6) after reserve implementation. 

Significant differences did exist between family (SRH two-way ANOV A, H = 18.18, df 

= 6, P = 0.0058), time (SRH two-way ANOVA, H = 3.98, df = 1, P = 0.0459) and the 

interaction of family and time (SRH two-way ANOVA, H = 12.64, df = 6, P = 0.0491) 

(Table 5). Likewise, species (SRH two-way ANOVA, H = 57.41, df = 15, P = 

0.0000007) and time (SRH two-way ANOVA, H = 4.71, df= 1, P = 0.0301) differed 

significantly after implementation (Table 6). 

There was a preponderance of individuals from the families Acanthuridae and 

Scaridae within Piti forereef slope after reserve implementation (Figure 7). Of the two 

families, significantly higher densities were detected within the Acanthuridae (paired t

test, t = -5.12, df= 7, P = 0.0014) (Figure 7). The three most abundant species after 

implementation were Acanthurus nigricauda, followed by Nasa lituratus and Nasa 

nigricans (Figure 8). Of these three species, densities were significantly higher within 

Acanthurus nigricauda (Wilcoxin signed rank, tied Z = -2.52, n = 8, tied p = .012) and 

Nasa lituratus (paired t-test, t = -3.01, df = 7, P = 0.020) (Figure 8). Similarly, the 
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density of Parupeneus multifasciatus was significantly higher (paired t-test, t = 2.38, df = 

7, P = 0.049) (Figure 8). No significant differences were detected with the other species 

(Figure 8). There were significant differences between family (SRH two-way ANOVA, 

H = 23.93, df = 4, P = 0.00008) and the interaction of family and time (SRH two-way 

ANOV A, H = 14.73, df = 4, P = 0.0053) (Table 7). Species (SRH two-way ANOV A, H 

= 44.84, df = 8, P = 0.0000003) and time (SRH two-way ANOVA, H = 8.12, df = 1, P = 

0.0044) factors exhibited significant effects after reserve implementation (Table 8). 

The Scaridae predominated within Piti reef flat before and after reserve 

implementation (Figure 9). There were no significant differences detected within the 

Scaridae or other families (Figure 9). Unidentified scarids were the most abundant group 

after reserve implementation, although no significant differences were found within any 

of the species (Figure 10). Significant differences did exist between the factors family 

(SRH two-way ANOVA, H = 14.15, df = 3, P = 0.0027) (Table 9) and species (SRH two

way ANOV A, H = 32.56, df = 10, P = 0.0003) (Table 10) after reserve implementation. 
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before and after reserve implementation within Asan forereef slope, Cocos 
Lagoon, Piti forereef slope, and Piti reef flat. 
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Table 2. 

Source 

Location 
Time 

Scheirer-Ray-Hare two-way analysis of variance (A NOV A) for ranked 
data; factors are location (Asan forereef slope, Cocos Lagoon, Piti forereef 
slope, and Piti reef flat) and time (before and after reserve 
implementation) with n = 8 transects. * Denotes significant difference. 

SS df MS H p 

2547.88 3 849.30 7.35 0.0616 
9.00 1 9.00 0.03 0.8720 

Location x Time 3163.13 3 1054.38 9.12 0.0277* 
Within 16120.00 56 287.86 
Total 21840.00 63 346.67 
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Table 3. 

Source 

Family 
Time 
Family x Time 
Within 
Total 

Scheirer-Ray-Hare two-way ANOVA for ranked data; factors are family 
and time (before and after reserve implementation) within Asan forereef 
slope with n = 8 transects. * Denotes significant difference. 

SS df MS H p 

11382.13 4 2845.53 1.0780 0.0003* 
4205.00 1 4205.00 7.7870 0.0053* 
1778.88 4 444.72 3.2942 0.5098 
25294.00 70 361.34 
42660.00 79 540.00 
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Table 4. 

Source 

Species 
Time 

Scheirer-Ray-Hare two-way ANOV A for ranked data; factors are species 
and time (before and after reserve implementation) within Asan forereef 
slope with n = 8 transects. * Denotes significant difference. 

SS df MS H P 

216139.75 13 16626.13 51.46 0.000001 * 
15711.50 1 15711.50 3.74 0.0531 

Species x Time 96108.25 13 7392.94 22.88 0.0431 * 
Within 608640.50 196 3105.31 
Total 936600.00 223 4200.00 
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Mean densities (individuals per 250 m2) +/- 1 standard error of seven 
families of reef fishes within Cocos Lagoon before and after reserve 
implementation. 
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Mean densities (individuals per 250 m2) +/- 1 standard error of sixteen 
species of reef fishes within Cocos Lagoon before and after reserve 
implementation. 

24 



Table 5. 

Source 

Family 
Time 
Family x Time 
Within 
Total 

Scheirer-Ray-Hare two-way ANOVA for ranked data; factors are family 
and time (before and after reserve implementation) within Cocos Lagoon 
with n = 8 transects. * Denotes significant difference. 

SS df MS H P 

19176.00 6 3196.00 18.18 0.0058* 
4201.75 1 4201.75 3.98 0.0459* 
13332.25 6 2222.04 12.64 0.0491 * 
80358.00 98 819.98 
117068.00 111 1054.67 
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Table 6. 

Source 

Species 
Time 

Scheirer-Ray-Hare two-way ANOV A for ranked data; factors are species 
and time (before and after reserve implementation) within Cocos Lagoon 
with n = 8 transects. * Denotes significant difference. 

SS df MS H p 

314742.63 15 20982.84 57.41 0.0000007* 
25800.39 1 25800.39 4.71 0.0301 * 

Species x Time 109782.23 15 7318.82 20.02 0.1710 
Within 947754.75 224 4231.05 
Total 1398080.00 255 5482.67 
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Mean densities (individuals per 250 m2) +/- 1 standard error of five 
families of reef fishes within Piti forereef slope before and after reserve 
implementation. 
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species of reef fishes within Piti forereef slope before and after reserve 
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Table 7. 

Source 

Family 
Time 
Family x Time 
Within 
Total 

Scheirer-Ray-Hare two-way ANOV A for ranked data; factors are family 
and time (before and after reserve implementation) within Piti forereef 
slope with n = 8 transects. * Denotes significant difference. 

SS df MS H p 

12924.63 4 3231.16 23.93 0.00008* 
1862.45 1 1862.45 3.45 0.0633 
7956.18 4 1989.04 14.73 0.0053* 
19916.75 70 284.53 
42660.00 79 540.00 
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Table 8. 

Source 

Species 
Time 

Scheirer-Ray-Hare two-way ANOVA for ranked data; factors are species 
and time (before and after reserve implementation) within Piti forereef 
slope with n = 8 transects. * Denotes significant difference. 

SS df MS H p 

78025.38 8 9753.17 44.84 0.0000003* 
14121.36 1 14121.36 8.12 0.0044* 

Species x Time 24248.76 8 3031.09 13.94 0.0834 
Within 132424.50 126 1050.99 
Total 248820.00 143 1740.00 
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Mean densities (individuals per 250 m2) +/- 1 standard error of four 
families of reef fishes within Piti reef flat before and after reserve 
implementation. 
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implementation. 
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Table 9. 

Source 

Family 
Time 
Family x Time 
Within 
Total 

Scheirer-Ray-Hare two-way ANOVA for ranked data; factors are family 
and time (before and after reserve implementation) within Piti reef flat 
with n = 8 transects. * Denotes significant difference. 

SS df MS H P 

4903.88 3 1634.63 14.15 0.0027* 
175.56 1 175.56 0.51 0.4767 
166.31 3 55.44 0.48 0.9233 
16594.25 56 296.33 
21840.00 63 346.67 
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Table 10. 

Source 

Species 
Time 

Scheirer-Ray-Hare two-way AND V A for ranked data; factors are species 
and time (before and after reserve implementation) within Piti reef flat 
with n = 8 transects. * Denotes significant difference. 

SS df MS H P 

84522.63 10 8452.26 32.56 0.0003* 
23.27 1 23.27 0.009 0.9246 

Species x Time 26640.85 10 2664.09 10.26 0.4178 
Within 343113.25 154 2228.01 
Total 454300.00 175 2596.00 
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Species Diversity 

Species richness (the number of species, S) within Asan forereef slope, Cocos 

Lagoon, Piti forereef slope, and Piti reef flat varied before and after reserve 

implementation (Table 11). Species richness was greater within Asan forereef slope than 

within either reserve site prior to implementation (Table 11). After reserve 

implementation, Piti forereef slope had the greatest number of species (Table 11). 

Shannon diversity indices (H') were greater within Asan forereef slope and Cocos 

Lagoon than the reserve sites prior to implementation (Table 11). After implementation, 

diversity indices were higher within the reserves sites with the exception of Asan forereef 

slope (Table 11). A similar pattern for evenness (E) was seen between the four sites 

before and after reserve implementation (Table 11). Overall, species were distributed 

more evenly within the reserve sites than within the non-reserve sites (Table 11). Asan 

forereef slope (paired t-test, t = 4.99, df = 1143, P <0.001) and Piti forereef slope (paired 

t-test, t = 4.99, df = 1549, P <0.001) were significantly more diverse after 

implementation, while Cocos Lagoon was significantly less diverse (paired t-test, t = 

4.99, df = 653, P <0.001), (Table 11). 
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Table 11. 

Location 

Asan Forereef 
Before Reserve 

Asan Forereef 
After Reserve 

Cocos Lagoon 
Before Reserve 

Cocos Lagoon 
After Reserve 

Piti Forereef 
Before Reserve 

Piti Forereef 
After Reserve 

Piti Reef Flat 
Before Reserve 

Piti Reef Flat 
After Reserve 

Species richness (S), total abundance of all species combined (N), species 
diversity (Shannon index, H'), and evenness (E) for Asan forereef slope, 
Cocos Lagoon, Piti forereef slope, and Piti reef flat before and after 
reserve implementation. The results of the paired t-test for analyzing the 
Shannon diversity index before and after reserve implementation are 
given. * Denotes significant difference. 

S N H' E t-test and p-value 

53 604 2.89 .728 

t = 4.99, df = 653, P < .001 * 
55 656 3.24 .809 

42 276 3.16 .847 

t = 8.75, df = 1143, P < .001 * 
35 378 2.32 .652 

45 692 2.68 .705 

t = 5.53, df = 653, P < .001 * 
72 1193 3.06 .716 

41 314 2.80 .753 

t = 1.56, df = 653, P > .05 
42 461 2.92 .780 
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DISCUSSION 

Protection influenced the density and diversity of reef fishes within the Piti 

Reserve. The question of whether there is a difference in the density and the diversity of 

reef fishes was addressed by analyzing data from the reserve and non-reserve areas 

within 2.25 yr before and within 1.5 yr after reserve implementation in 2001. Overall 

individuals, families, and species were analyzed for changes in density, while measures 

of species diversity and evenness were analyzed for changes in diversity (Magurran 

1988). Previous studies on diversity addressed species richness only (Russ and Alcala 

1998, Wantiez et al. 1997, Edgar and Barrett 1999, Garcia-Rubies and Zabala 1990 cited 

in Palumbi 2001). Because the effects of fishing on the abundance of individual species 

may differ from that upon families (Russ and Alcala 1998), the three levels (overall 

individuals, species, and families) of fish densities were analyzed to obtain a more 

complete and detailed picture of the marine reserve effects. 

Four-to-seven families and nine-to-sixteen species from the four study sites were 

analyzed for changes in density over time. Differences were either undetectable or 

impossible to measure for other families and species, possibly because of their low 

frequency of occurrence in counts or patchy distributions, with fishes aggregating in 

particular areas. These possibilities contributed to statistical variability and a reduction in 

the power of tests (Edgar et al. 2004). 

Two null hypotheses were tested in the present study. The first null hypothesis 

was that there is no difference in the density of fishes between a marine reserve and non

reserve area. The alternative hypothesis was that there is a difference in the density of 
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fishes between a marine reserve and non-reserve area. The second null hypothesis was 

that there is no difference in the diversity of fishes between a marine reserve and non

reserve area. The alternative hypothesis was that there is a difference in the diversity of 

fishes between a marine reserve and non-reserve area. If marine reserves are an effective 

management strategy, there should have been an increase in fish density and diversity 

within the reserve. The density and diversity of fishes within the non-reserve area should 

have decreased or remained the same. In the Houtman Abrolhos Islands off the coast of 

Western Australia, three-fold and seven-fold increases in the abundance of Plectropomus 

leopardus in two marine reserves relative to non-reserve areas were recorded eight years 

after protection (Nardi et al. 2004). If my null hypotheses were not rejected, then fish 

density and diversity would not increase within the reserve. If my null hypotheses were 

rejected in favor of the alternative hypotheses, then fish density and diversity would have 

increased within the reserve. 

The results indicate contrasting effects of the reserve upon the density and 

diversity of reef fishes. Reserve protection appears to have no effect upon individual 

fishes overall, but there was variation in family and species responses to protection. 

More than 50% of the families and species analyzed were not affected by protection. 

This outcome departed from the prediction of increased density. Observed abundances, 

however, were generally higher in the reserve areas after implementation than in non

reserve areas. Protection also appears to increase diversity within the forereef slope but 

not the reef flat of the reserve. Contrasting results for diversity were detected within the 

forereef slope and reef flat of the non-reserve areas. Temporal differences in diversity 

and the species factor within the forereef slope of the reserve are probably caused by 

38 



responses of individual species to protection. Certain species may have exhibited 

stronger responses to protection over time rather than many species responding to 

protection (Micheli et al. 2004b). The increase in diversity on the forereef slope of the 

non-reserve area may indicate a spillover or recruitment effect (Halpern et al. 2004, Russ 

et al. 2004) evident only in terms of diversity, not abundance. The extent of the present 

study excludes analysis of these effects. Alternatively, larval recruits that originated 

elsewhere may have settled in the non-reserve area. 

Life-history characteristics alone seemed insufficient to predict responses to 

protection (Russ and Alcala 1998). Short-lived, fast-growing species with strong 

recruitment usually respond to protection more rapidly than long-lived, slow-growing 

species with low recruitment (Palumbi 2001,2002). SearLts psittaeus, a fast growing 

species (Choat and Robertson 2002, Froese and Pauly 2005), did not show a response to 

protection. This may indicate that complex linkages in ecological communities, such as 

direct and indirect effects of species interactions, may influence responses to protection 

(Micheli et al. 2004a). Predator-prey interactions did not appear to affect the community 

structure of reef fishes within the reserve at the time of the study because of the high 

abundance of prey species as opposed to predator species. Jennings and Polunin (1997) 

indicated that predation upon herbivorous and invertebrate-feeding fishes by piscivorous 

fishes did not play an important role in structuring reef fish communities in Fiji. In the 

present study, the strong negative effects of protection on many species in the lower 

trophic groups, such as herbivores, may be explained by species interactions (i.e., 

competition) and vulnerability to over-fishing (Russ and Alcala 1998, Micheli et al. 

2004a, b). 
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The degree of exploitation has some effect upon family and species responses to 

protection (Halpern and Warner 2002, Russ and Alcala 2003, Micheli et al. 2004b). 

Heavily targeted species appear to respond to reserve protection (Rowley 1994 cited in 

Halpern and Warner 2002, Russ and Alcala 2003), and biological responses may be rapid 

(Halpern and Warner 2002). Acanthurids on the forereef slope at the Piti Reserve 

responded quickly to protection. The Acanthuridae, in particular Nasa lituratus, are 

highly targeted in the local fisheries (Guam DAWR 20001-0, 2001). This may suggest 

that marine reserves are an effective strategy for rebuilding herbivorous species such as 

acanthurids over a short time period. Other studies of acanthurids provided similar 

results (Polunin and Roberts 1993, Rakitin and Kramer 1996, Wantiez et al. 1997). 

These studies documented increases in the abundance of acanthurids, but at four, eleven, 

and five years after reserve implementation. The previous two studies, however, lacked a 

before-after control-impact design (BACI) (Halpern et al. 2004). Parupeneus 

multifasciatus also responded to protection quickly on the forereef slope at the Piti 

Reserve, although it is not as highly targeted as Nasa lituratus (Guam DA WR 20001-0, 

2001). Previous studies demonstrated that mull ids make good candidates for reserve 

protection (Holland et al. 1993, Wantiez et al. 1997, Meyer et al. 2000). In contrast, 

mullids consistently declined in density over time at the Apo Reserve in the Philippines 

in the absence of fishing (Russ and Alcala 1998). 

The Acanthuridae, Nasa unicarnis alone, and Mullaidichthys jlavalineatus did not 

respond to protection on the reef flat of the reserve, despite the fact that Nasa unicarnis 

and the Mulloidichthys jlavalineatus are more vulnerable than Nasa lituratus in the local 

fisheries (Guam DA WR 20001-0, 2001). One explanation for this outcome is that an 
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underwater observatory located in a karst formation on the reef flat of the Piti Reserve is 

attracting a large number of fish (Tsuda and Donaldson 2004). The area of the 

observatory is used by a large number of diving operations and is a major attraction for 

tour companies. A common practice by the operations is fish feeding, which attracts a 

considerable number of fish to the area in addition to fish that are already attracted to the 

observatory's structure (Tsuda and Donaldson 2004). This situation needs further 

examination in order to resolve this question completely. 

Predatory species are highly vulnerable in the local fisheries (Guam DA WR 

20001-0, 2001). If degree of exploitation alone is a factor in determining a species 

response to protection, predators should have increased in abundance. This study, 

however, indicates a noticeable lack of predatory species within the reserve sites. 

Halpern and Warner (2002) concluded that predators as a trophic group showed no 

distinct differences in response to reserve protection, although individual species may 

respond according to their life history traits or degree of exploitation. In contrast, 

Micheli et al. (2004b) stated that protection influences top trophic groups, with 

abundances of top predators increasing gradually through time. Predatory species may 

have not responded to protection in the present study, because they are generally long

lived, slow-growing species (Halpern and Warner 2002) requiring long durations for 

recovery (Russ and Alcala 2003,2004). An alternative explanation is that many of the 

predatory species are highly mobile and encompass home ranges extending outside of the 

reserve (Holland et al. 1996, Kramer and Chapman 1999, Palumbi 2002, Nardi et al. 

2004, Wetherbee et al. 2004,). The protective function of the reserve may be limited for 

these species, because the reserve is small and only a portion of the predatory species 
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may utilize the reserve (Kramer and Chapman 1999, Palumbi 2002, Wetherbee et al. 

2004). The lack of predatory species may be an indication of the general state of over

fishing in Guam. 

Empirical short-term studies of marine reserve effects have reported similar 

results but with different species. White 1988 and Clark et al. 1989 (both cited in Roberts 

and Polunin 1991) conducted studies within two years of reserve protection. White 

(1988) reported that total fish abundance increased by 173%, 89%, and 45%, 

respectively, within three reserves in the Philippines, while Clark et al. (1989) reported 

that the abundance of lutjanids increased by 93% and haemulids by 439% in a Florida 

marine reserve. They attributed the increases to the prohibition on fishing within the 

reserves. On average, the density of fishes roughly doubles and diversity is 20% to 30% 

higher within marine reserves (Halpern 2003). Significant increases in population 

densities and diversity result within one to three years after the establishment of marine 

reserves (Halpern and Warner 2002). These findings are consistent with the results of 

this study. 

Based upon the results of this study, both null hypotheses are rejected in favor of 

the alternative hypotheses that there are differences in the density and diversity of fishes 

between a marine reserve and non-reserve area. The prediction of increased density and 

diversity of fishes within the reserve is supported by the data from the forereef slope of 

the reserve. The density effect is most apparent for the Acanthuridae, especially 

Acanthurus nigricauda and Nasa lituratus. At Apo Island, Philippines, the biomass of 

Carangidae and Acanthuridae tripled over an eighteen year period, but did not differ in a 
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non-reserve area (Russ et al. 2004). In Tasmania, the number of fishes increased at the 

Maria Island Marine Reserve over a six year period (Edgar and Barrett 1999). 

Acanthurid populations declined by approximately 75% from 1985 to 1996 on 

Guam based on inshore fisheries creel surveys (Guam DA WR 2000a-I). If the 

acanthurids are recovering because of protection in reserves, then the overgrowth of algae 

on Guam's reefs (Global Coral Reef Monitoring Network (GCRMN) 2004) can possibly 

be controlled to allow for a healthier reef ecosystem (National Research Council (NRC) 

2001). 

The increased diversity effect is prominent in the forereef slope of the reserve. 

This indicates that various species are recruiting or immigrating into the reserve, and that 

the spatial distribution of species is spread more evenly rather than patchily within the 

reserve. Walmsley and White (2003) reported average increases of 8.3% in species 

richness within four reserves in the Philippines over nineteen years of reserve protection. 

In conclusion, significant responses in fish density and diversity within the 

reserve imply that certain exploited species are protected, and suggest the importance of 

permanent reserves for restoring multispecies objectives, top trophic groups, and overall 

community structure. The spatial and temporal scales required for reserve success may 

vary among trophic groups and species depending upon different factors, such as fishing 

intensity, recruitment, or species interactions (Jennings and Polunin 1997). Because no 

time series data for the reserve and non-reserve areas are available, there is equivocal 

evidence that the reserve is a successful management strategy. Long-term spatial and 

temporal monitoring with a before-after impact-control design to account for the dynamic 

nature of the reserve is needed to elucidate further effects of the marine reserve. 
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Comprehensive studies involving daily movement patterns, habitat use, dispersal rates, 

spillover, species interactions, and recruitment are needed within the reserve. These 

studies may eventually answer questions about the effects of the reserve upon trophic 

groups, families of fishes, or certain species that exhibit specific behavior patterns, such 

as high mobility, and could help to improve the design of this and other reserves. 
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