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Abstract	
 
Commercial fisheries effects are extensively studied but recreational fisheries are less 

known. In this work we study the case of pearly razorfish, “raor”, Xyrichthys novacula, 

and the community associated (Balistes carolinensis, Bothus podas, Pagellus 

erythrinus, etc…). This community inhabits most soft bottoms of the Mediterranean and 

their species are targeted by the recreational fishers. A seasonal closure of recreational 

fishing on Xyrichthys novacula (1/04 a 31/08) is currently enforced at the Balearic 

Islands. This fish community has been sampled before and after the opening of the 

seasonal closure in order to evaluate the effects of recreational fishing. The experiment 

design consisted in a replicated BACI (before-and-after-control-impact) approach. The 

fishing effort was quantified through visual censuses of recreational boats. The results 

presented here are especially relevant because they were obtained using fisheries-

independent data (underwater baited video).  The abundance of X. novacula decreased 

up to 38.8% after the opening of the seasonal closure, in comparison with the 

abundance at a control area (no-take marine reserve). The fish community associated 

with the pearly razorfish showed species-specific trends after the end of the seasonal 

closure.  
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Resumen	
 
La mayoría de los trabajos que estudian los impactos de la pesca, se centran en aquellos 

producidos por la pesca comercial, pero ¿y los impactos provocados por la pesca 

recreativa? El presente trabajo es sobre el caso del lábrido costero conocido como 

“raor”, Xyrichthys novacula, y la comunidad de peces asociada a él (Balistes 

carolinensis, Bothus podas o Pagellus erythrinus). Esta comunidad, supone ser una de 

las que habitan los fondos blandos del Mediterráneo con mayor interés para la pesca 

recreativa. Gracias a la estipulación de un veda temporal (1/04 -31/08) para X. novacula, 

fue posible caracterizar la comunidad de peces antes y después de la abertura de la veda 

y evaluar así el efecto extractivo de la pesca recreativa. Así, el objetivo de este trabajo 

ha sido poder cuantificar y cualificar el efecto de la pesca sobre esta comunidad de 

peces con una aproximación B-A-C-I (before-and-after-control-impact). El impacto 

(presión de pesca) se cuantificó mediante censos visuales de embarcaciones de recreo. 

Nuestros resultados son relevantes, hemos conseguido estimar que la abundancia de X. 

novacula disminuyó un  38.8% después de la apertura de la veda y confirmamos que se 

debe a la pesca ya que se comparó con un control (reserva integral) mediante un 

replicated BACI. Con respecto a la comunidad asociada al “raor” el BACI muestra que 

existen diferentes comportamientos para cada una de las especies. A pesar de que es 

complicado entender la respuesta de cada especie frente al impacto hemos conseguido 

separar parcialmente el efecto ambiental del de la pesca. En general, se describe por 

primera vez la comunidad de fondos arenosos de la Bahía de Palma con cámaras 

subacuáticas cebadas y se estima el impacto de la veda con un replicated BACI. 
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1. Introduction	
 

Worldwide extraction of fish biomass through commercial fishing exerts 

considerable pressures on marine ecosystems and some stocks are currently being under 

overexploitation (Worm et al., 2009; Hilborn et al., 2003; Reynolds et al., 2001; 

Jackson et al., 2001; Gewin, 2004). Somewhat less appreciated is the fact that in many 

coastal areas, recreational fishing exploitation is intense, which may exert similar or 

even higher fishing mortality rates relative to commercial fisheries on the species 

targeted by recreational fishers (Coleman et al., 2004; Figueira & Coleman, 2010; 

Lewin, et al., 2006; Cooke & Cowx 2004; Cooke & Cowx 2005). Although in the case 

of the catch-and-release most of the catches are released (Muoneke & Childress 1994; 

Cooke & Suski 2004), the non-surviving fish and the overall biomass extracted by 

conventional angling contribute to the decline of some fish stocks (Muoneke & 

Childress 1994, Cooke & Cowx, 2004). In some cases, managers and fisheries scientist 

collaborate to prevent overexploitation and to obtain maximize sustainable yield (Pauly 

et al., 2003; Dayton et al., 1995). However, proper management is a nontrivial task that 

demands sophisticated social-ecological approaches (Post et al., 2002; Hilborn, 2007; 

van Poorten et al., 2011). 

The recreational fisheries from the Mediterranean Sea are interesting case 

studies. The Mediterranean Sea is considered a hotspot for marine biodiversity (Coll et 

al., 2010; Bianchi & Morri 2000), concentrating 17.000 marine species, which accounts 

for 4 to 18 % of all known marine species (Mouillot et al., 2011; Bianchi & Morri 2000; 

Coll et al., 2010). Despite this high diversity, the Mediterranean is highly vulnerable. 

Human-related threats are especially relevant (Coll et al., 2012; Lleonart & Maynou 

2003). Recreational fishing is one of such threats. There is little empirical evidence on 

the relevance the role of recreational fisheries in the global crisis of most fish stocks. 

Nevertheless, the data available suggest that extracted biomass and participation are 

relevant, thus a negative role of recreational fisheries for the sustainability of the natural 

resources in the Mediterranean has been recently emphasized (Arlinghaus et al., 2014; 

Font & Lloret, 2014; Morales-Nin et al., 2005), Specifically, negative impact of angling 

on life-history of exploited species on the food webs and coastal ecosystems has been 

reported (Alós et al. 2014). The fish biomass extracted by recreational fishery from the 
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Mediterranean has been estimated in 10% of the total catches (EU, 2004). However, 

accurate estimation of the magnitude of the impact of recreational fishing on the wild 

stocks is challenging because information is biased due to the fact that most methods for 

obtaining data are dependent on fishing (Morales-Nin et al., 2005). Demographic and 

ecological effects of the commercial and recreational extraction of fish biomass are 

similar (Coleman et al., 2004, Cooke & Cowx, 2006). Thus, it extraction is necessary to 

regulate both types of fishing (Morales-Nin et al., 2005).  

Accordingly, some Mediterranean countries have been implemented 

management different tools to contribute to the sustainable development of the 

recreational fisheries (Alós et al., 2008; Morales-Nin et al., 2010; Seytre et al., 2013; 

Font & Lloret, 2014; Seytre & Francour, 2014). Fisheries managers have a wide range 

of tools for modulating fishing mortality of fish harvested by recreational anglers. 

Despite some scientific uncertainty their effectiveness one of the most applied 

management tool is the implementation of no-take marine reserves (Bohnsack, 2000; 

Roberts et al., 2001; Halpern & Warner, 2002; Tetreault & Ambrose, 2007; Fenberg et 

al., 2012; Russ et al., 2003). A recent survey on the marine protected areas in the 

Mediterranean Sea (MedPan project) has identified 677 MPAs across the Mediterranean 

Sea (Gabrié et al., 2012), corresponding to 7% of the total number of MPAs worldwide. 

Seasonal closures are another widely used management tool (Govan, 2009; Gell & 

Roberts 2002; Januchowski-Hartley et al., 2013). Closing a fishery for a period of time 

in the year (e.g. during the spawning season) can enhance biomass and maintain 

sustainable levels of exploitation, even for recreational fisheries (Cinner et al., 2005; 

Meyer, 2003; Januchowski-Hartley et al., 2013; Halpern et al., 2009; Harrison et al., 

2012; Johannes, 1978).   

One of the major challenges addressing the impact of fisheries in wild stocks is 

separating the effects caused by fishing by those attributed to the environmental 

variability (Planque et al., 2012; Hsie et al., 2006; Schiermeier, 2004). The combination 

of both, no take areas and seasonal closures in the same location provides an 

opportunity for better understanding. The seasonal variation at the unfished system (no-

take area) can be compared with the open system before and after the opening of the 

fishery season and after the opening of the fishing season and a fished system (exploited 

area after the opening of the fishing season (Cinner et al., 2005; Bartlett et al., 2009; 

Feray et al., 2010; Hickey, 2006; Cinner & Aswani, 2007).  Replicated before and after 

control impact can address these issues by the establishment of a control baseline. 
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BACI approach is an useful tool that compares the differences (before and after 

opening) in the impacted/exploited area with the differences in the control zone (a no-

take area) (García-Berthou et al., 2009; Stewart-oaten et al., 1986; Underwood, 1992; 

Moland et al., 2013).There are many examples in the literature addressing the impact of 

fisheries and MPA protection on wild population using this approach (Moland et al., 

2013; Schroeter et al., 2001; Eggleston et al., 2008; Schratzberger et al., 2002; Francini-

Filho et al., 2008, Januchowski-Hartley et al., 2013)  

This is the case of the recreational fishery of small-bodied sized pearly razorfish, 

Xyrichthys novacula (Linnaeus, 1758); one of the most targeted species by 

Mediterranean fishers, especially recreational anglers (Morales-Nin et al., 2005; 

Morales-Nin et al., 2010; Alós et al., 2012; Box et al., 2009). A number of management 

measures have been adopted in an effort to effectively manage this species, including 

the stipulation of no-take MPAs and seasonal closures (Morales-Nin et al., 2010; Box et 

al., 2009). However, empirical data on the effectiveness of these current management 

tools is still lacking. This is related with the fact that estimating density and abundance 

of fish of X. novacula is challenging. This species has a natural behaviour characterized 

by a burying into the sand which difficult the estimation of density through scuba 

diving. Catch rates are usually poorly representative of the abundance (Pauly et al., 

2013; Alós et al., 2012). In fact, fishing pressure can enhance the mismatch between 

catch rates and abundance because fish learn from previous encounters with the fishing 

gears (Askey et al., 2006; Brown et al., 2013; Januchowski-Hartley et al., 2013; Klefoth 

et al., 2013; Raat, 1985; Ryer, 2008; Wohlfarth et al., 1975). Therefore, catch rates 

should poorly represent the abundance. Fortunately, technological improvements and 

the miniaturization of autonomous video recording devices, allow the use of underwater 

video cameras as an alternative solution for estimating the abundance of fish inhabiting 

sandy covered habitats (Mallet et al., 2014; Cappo et al., 2006; Wakefield et al., 2013). 

The use of a underwater cameras as a sampling tool is a non-extractive method have 

been widely used in protected areas. To record all types of fishes in rocky and seagrass 

habitats (Cappo et al., 2006; Mallet et al., 2014; Wakefield et al., 2013;) even in the 

Mediterranean (Stobart et al., 2007). This methodology has been used for analyzing, for 

example, animal behavior, abundance, size of target fish stocks, etc. Moreover, this 

method allows to obtain multiple replicates (Cappo et al., 2006). Underwater video 

cameras have not been still used for X. novacula (Stobart et al., 2007).  
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In this work we take advantage already implemented management tools for 

designing a replicated BACI experiment and to quantify the abundance of X. novacula 

and associated fish community by using underwater baited cameras. Specifically, the 

objectives of this study is to test the effects of recreational fishing on the abundance of 

razorfish on the associated fish community. Our predictions were that the abundance of 

fish X. novacula and fish community associated decrease after the opening of the 

fishing season. We quantified the impact of the recreational fishery by assessing the 

fishing effort (number of recreational boats fishing in the whole of the fishery).  

2. Material	and	Methods	

2.1. 	Species	case	study	and	associated	fish	community	
 

The fish assemblages of soft bottoms in the Mediterranean and temperate areas 

has been much less studied than those from habitats covered by rocky (Sala et al., 2012) 

or seagrass covered habitats (Deudero et al., 2011). However, soft bottoms are key 

habitats for recreational anglers. Pearly razorfish, Xyrichthys novacula (Linnaeus, 

1758), is one of the most targeted species by recreational fisher at the Mediterranean 

fishers, especially recreational fishers (Morales-Nin et al., 2005; Morales-Nin et al., 

2010; Alós et al., 2012) (Fig. 1). X. novacula is a small-bodied labrid with a wide 

spatial distribution range including the Western Atlantic (from North Carolina to the 

North of the Gulf of Mexico and from the Caribbean to Brazil), Eastern Atlantic (from 

the southern coast of Spain to the south of Cape Lopez, Gabon), Mediterranean, Azores, 

Madeira, Canary Islands, Cape Verde and Sao Tome Island (Froese & Pauly, 2002). 

This species is typically found in coarse unvegetated sandy bottoms (Katsanevakis, 

2005) as well as in soft bottoms vegetated by Cymodocea nodosa (Tuya et al., 2005), 

where it feeds on small benthic prey (Cardinale et al., 1997; Castriota et al., 2005a; 

Castriota et al., 2005b) and occupies a mid level within the food web (Blanco et al., 

2009; Box et al., 2010). A certain number of species are associated X. novacula and 

consequently this fishery is characterized by a multi-specific nature (Morales-Nin et al., 

2005). Typically, this fish assemblage is composed by X. novacula, Bothus podas, 

Dasyatis pastinaca, Pagellus erythrinus, Lithognathus mormyrus, Trachinus araneus. 

(Giakoumi & Kokkoris, 2013; Tuya et al., 2005). The species studied in this work are 

X. novacula, B. podas, D. pastinaca, B. carolinensis, P. erythrinus, D. volitans, 

T.araneus, and L. mormyrus (Fig. 1). 
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Figure 1. Characteristics species inhabiting Mediterranean soft bottoms: (A) the common pandora, 
Pagellus erythrinus, (B) female of pearly razorfish, Xyrichthys novacula, (C) the flying gurnard, 
Dactylopterus volitans, (D) the spotted weever, Trachinus araneus, (E) the sand steenbras, Lithognathus 
mormyrus, (F) male of pearly razorfish, Xyrichthys novacula, (G) the grey triggerfish, Balistes 
carolinensi,s (H) the wide-eyed flounder, Bothus podas and (I) the common stingray, Dasyatis pastinaca. 
 

2.2. 	The	experimental	design:	a	replicated	before‐and‐after‐control‐
impact	(BACI)	

 
In some cases, fisheries management rules may offer the opportunity of setting 

ecological experiments for testing ecological theories (Jensen et al., 2012). X. novacula, 

has been submitted to high fishing effort. Historical record data book to local managers 

(Palmer et al., 2004) (Department de Pesca del Govern de les Illes Balears) have 

stipulate some special management actions to prevent the overexploitation of the stock, 

including a seasonal closure. The fishery is closed between 01/04-31/08. This seasonal 

closure leds to a strong concentration of the fishing effort during the first few days after 

the opening day. This social phenomenon offers the opportunity to set up a field 

experiment in which the fish density of X. novacula and the associated fish community 

can be estimated before the harvest season (before the impact) and after  the fishery was 

opened (after the impact). 

The experiment was carried out in a partial Marine Protected Area (Palma Bay 

MPA), (Fig. 2) (Alós et al., 2012). The Palma Bay MPA extends from the coastline to 

the 30 m isobaths and fishing activities have been regulated since 1982 

(http://dgpesca.caib.es). The MPA has two main areas with different levels of 

protection: (1) the sanctuary area (~2 km2), where only no-take activities are allowed 
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(Fig. 2), and (2) a buffer area where both artisanal and recreational fishing are regulated 

by gear and effort limitations (Fig. 2). These two areas offered us the opportunity to use 

the no-take MPAas a control area. We randomly generated 51 sampling points with a 

minimum distance of 50 m (11 in the control area and 40 in the exploited area). The 

density of X. novacula and the associated fish community (Fig. 1) were assessed before 

and after the impact. We therefore set up a replicated BACI experiment. Replicated 

BACI are the optimal approach assessing for the effect of fishing (or protection) on fish 

communities (Moland et al., 2013).  

	
	

Figure 2. Map of the study area and species case-study. (A) Location of Palma Bay in Mallorca Island 
(NW Mediterranean). (B) South of the Marine Protected Area (MPA) of the Palma Bay locating the are 
where all of the fishing activities are not allowed (no-take MPA) and the major habitat characteristics: 
Posidonia oceanica seagrass (PO), bottoms covered by rocky and alga habitat (HB) and the soft bottoms 
covered by sandy and gravel habitats (SB). (C) Control area (n =11 denoted by green stars) and (D) 
exploited area (n = 40 denoted by red stars) sampling points were sampled (video recording) was carried 
out before and after the impact (opening of the fishing season). (E) An individual the pearly razorfish, 
Xyrichthys novacula (Linnaeus, 1758). 
 

To quantify the magnitude of the impact, the number of recreational boats in the 

fishery (in the MPA) was assed through visual surveys. Visual surveys of the 

recreational fishing fleet is a powerful method for quantifying the fishing effort in the 

recreational fishery of the Balearic Islands (Cabanellas-Reboredo et al., 2014). We 

assumed that the number of recreational boats in the fishery should be representative of 

the fishing effort (impact) because: i) we fully monitored the whole of the fishery and ii) 

the fishery is purely consumption oriented. There was no impact in the control area 

because this area is permanently surveyed. In the exploited area, the number of 

recreational fishing boats in the fishery where counted during day-time (as is the major 

fishing pressure expected in a daily scale in the fishery (Morales-Nin et al., 2005) in 6 
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random days after the opening of the fishing period. The monitoring period comprised a 

minimum of 2 h between the 8:00 and 13:00 and the total number of recreational boats 

in the fishery was counted every 15 min. The daily average results are showed in the 

Figure 3. The temporal pattern shows a strong peak of the fishing effort the opening day 

and then declined since small values of fishing effort (Fig. 3). We validated the absence 

of anglers in the period before the opening. 

	
	

Figure 3. Daily-numbers of anglers per 15 min (average and standard deviation) observed in the 
exploited area before and after the opening of the fishing season (denoted as a vertical red dashed line: 
01/09/2013). Note the maximum value observed during the opening day. 

2.3. 	Estimation	of	the	density	of	the	fish	community	through	fishery‐
independent	underwater	video	recording	

 
	 We used fishery independent methods to estimate the relative abundance of the 

X. novacula and associated fish community. Estimating the density of fish in soft 

bottoms using scuba-diver censuses is challenging. First, fish abundance is smaller than 

in rocky and seagrass habitats per se (Tuya et al., 2005; Deudero et al., 2008; Sala et al., 

2012). Second, most of fish that inhabiting uses to bury itself in the soft bottom when a 

scuba diver is carrying out a visual census, especially in species such as X. novacula or 

T. araneus (Alós et al., 2012). Underwater video recording has widely used to estimate 

relative abundance in rocky and seagrass habitat in the Mediterranean (Stobart et al., 

2007), and it is a method specially suited for species with conspicuous behaviour 

(Mallet & Pelletier, 2014). Besides, it is a non-extractive method, thus fully suitable for 

protected areas (Cappo et al., 2006; Mallet et al., 2014; Corey et al., 2013). We used a 

custom device, where a videocamera was attached (Fig. 4). The camera was 

programmed to take videos in MP4 format with 1080p. A device were deployed for a 



Master’s Thesis          Universitat de les Illes Balears         Rosario Rosselló Méndez 
 

 12

minimum of 30 min in each of the sampling sites (Fig. 2) before and after the opening 

of the fishing season. 

	 All sampling sites were sampled two different days (2 days before and 2 days 

after the impact) from 9:00 to 13:00 pm. Four devices were deployed simultaneously. 

The sampling protocol consisted in deploying a device in randomly selected sampling 

site and moving to the next point, till the four devices were deployed (the process was 

repeated until all sampling sites were sampled). At this moment, the first camera had 

already recorded 30 minutes so it was picked up and throw it at the next point. Some 

bait were located in front of the camera to attract the fish. The bait was composed of: 1 

kg of sardine fish paste, 1.5 kg of sardine fish paste enriched with shrimp, 1 kg 

breadcrumbs and 100 g of live shrimp and 250 g of frozen shrimp. All these ingredients 

were mixed and compacted. A ball of bait of 150 g were put in a bag. 

 The 30 first minutes of each video were analysed to extract the cumulative 

number of fish observed in this period. The moment, time (seconds) from the moment 

were the underwater device was stabilized in the bottom were recorded when each 

individual of a given species appeared in the field of the camera. Therefore, we obtained 

a total of 102 measures of relative density of fish × 30 min for the eight species studied 

here.  

	

	
Figure 4.  The underwater autonomous device used for this experiment: (A) the bait, (B) camera GoPro 
Hero 3, (C) custom device used with all components, (D) deployment of the device with the camera, (E) 
identifying buoy and (F) collection baited underwater camera. 
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2.4. 	Data	analysis	
 
	 We analysed the effect of recreational fishing on the density of X. novacula 

(univariate analysis) and on the associated fish community (multivariate) using a 

replicated BACI experiment design. The data was composed by repeated observations 

on 51 sampling sites which are structured in two blocks. After the impact, the same 51 

sampling sites were sampled again. The ID of the experimental unit was used as 

covariable to analyse. This is the typical design of replicated BACI (Moland et al., 

2013). In this design the effect of interest is the interaction between blocks (control and 

exploited) and period (after and before) while controlling for the random variability 

associated to sampling sites. 

 Abundance of X. novacula (univariate analysis) was analysed using a general 

linear mixed model with Poisson distributed random effects as data was consisted in  

counts of fish per time unit. An scale correction for over-dispersed data were applied 

(Lee & Nelder, 2000). We modelled the abundance to a predictor (site (categorical) × 

period (continuous)) through the link function (log) and sampling site as a random 

effect. We used the R package hglm to infer the estimates, standard errors (s.d.) and p-

values while adjusting the scale of dispersion of the average fixed effects model to 1, as 

required for the Poissson distribution (Rönnegård et al., 2010). The analysis was 

completed using a custom script (R Development Core Team, 2011). In contrast to the 

univariate (one single species), the multivariate analysis focused on the ability of multi-

variate ordination methods to test the existence of a relationship between the main 

faunistic (multi-species matrix) gradients and a number the explanatory variables. In our 

case, we focused in 8 species: X. novacula, B. podas, D. pastinaca, B. carolinensis, P. 

erythrinus, D.volitans, T.araneus, and L. mormyrus. Species with a frequency of 

occurrence lower than 5% were considered occasional or rare (S. saurus, M. aquila and 

O. vulgaris) and were not included in the analysis. Moreover, unidentified fish and 

pelagic fish (accounting for less than the 2% of the total fish) were neither considered. 

The raw data were log (x,y) transformed prior to any analysis. Before testing the effect 

of interaction, we evaluated the existence of  pseudo replication by testing the existence 

of significant auto-correlation between the sampling sites within each block (control-

before, control-after, exploited-before and exploited-after). We calculated Moran's I 

Autocorrelation Index test if the residual variance is dependent of the distance among 

nearby locations in space (spatial autocorrelation) using the library ape (Paradis et al., 
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2004) of the R-package (R Development Core Team, 2011). Spatial autocorrelation was 

found not significant for most of the species. Only was detected a significant spatial 

autocorrelation in the case of L. mormyrus. 

 The  general patterns was described using a of the variance by using 

Correspondence Analysis (CA, (ter Braak and Smilauer, 2002)), a tool for preliminary 

visual interpretation of the variance. The CA was completed and visualized using the 

library ca (Nenadic & Greenacre, 2007) of the R-package (R Development Core Team, 

2011). Second, an inferential analysis was completed using Constrained 

Correspondence Analysis (CCA; ter Braak & Verdonschot, 1995) to testing (via Monte 

Carlo permutation test) how much variation in the data set by are explicated by the 

explanatory variable of interest (i.e. the interaction between site and period), after 

accounting (the effect was partially out) for the variation explained by the sampling 

station ID. We used CA-CCA instead of linear ordination methods (Principal 

Component Analysis and Redundancy analysis) because CA-CCA operate better when 

data are counts of individuals, which are usually far from being normally distributed. 

Because the data consist in paired samples of the sites, the interaction between treatment 

and time is of the only effect of interest. The CCA analysis was completed and 

visualized  using the library vegan of the R-package (Dixon, 2003).  

3. Results	

3.1. 	Sample	size	and	number	of	fish	observed	
 

A total of 1,691 fish were counted (Table 1). As expected, most of the counts 

corresponded to X. novacula (74.9% of the total fish observed Table 1). The species 

included in the analysis (X. novacula, B. podas, D. pastinaca, P. erythrinus, D. volitans, 

T.araneus and L. mormyrus) were observed in both areas with the exception of B. 

carolinensis that was not observed in the control area. Table 2 shows the results of the 

univariate generalized linear mixed model. We found a significant negative effect of site 

(on average, -1.64 fish per 30 min were observed in the exploited area while controlling 

for the variance of the sampling station, Figure 4 and Table 2). However, and more 

important for the objective of this work, the effect of the interaction between site 

(control vs. exploited) was significant (Table 2). The estimates showed in Table 2 

suggested that the abundance decreased after the season was open compared the 

baseline (control) by an average of -0.73 (Table 2). This means, that the abundance in 
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the exploited site declined a 38.8%. Thus, accepting the hypothesis of a fishery induced 

change in the abundance of X. novacula (Table 2). 

 

Table 1. Total number of fish observed. Total number, mean, standard deviation (s.d.), maximum and 
minimum of fish counted in 30 min are indicated by specie, study site (control and exploited) and period 
(before and after). Observed and expected Moran's I Autocorrelation Index (O-MI and E-MI),  s.d and p-
value are indicated. P-values < 0.05 suggest the existence of significant spatial autocorrelation. 
	

    Observed fish  Spatial autocorrelation 
Species Site Period   Total Mean s.d. Max Min  O-MI EMI s.d. p-value 
X. novacula Control After   440 40.00 29.31 108 0.00  -0.02 -0.04 0.04 0.57 
 Control Before  418 38.00 32.21 96.00 2.00  -0.01 -0.10 0.05 0.08 
 Exploited After  138 3.45 8.56 47.00 0.00  -0.02 -0.04 0.04 0.57 
  Exploited Before   271 6.78 8.82 27.00 0.00  -0.02 -0.03 0.03 0.82 
P. erythrinus Control After   17 1.55 2.34 6.00 0.00  -0.05 -0.04 0.04 0.72 
 Control Before  1 0.09 0.30 1.00 0.00  -0.08 -0.10 0.02 0.45 
 Exploited After  57 1.43 2.94 13.00 0.00  -0.05 -0.04 0.04 0.72 
  Exploited Before   133 3.33 6.18 31.00 0.00  0.01 -0.03 0.03 0.20 
L. mormyrus Control After   0 - - - - - - - - - 
 Control Before  13 1.18 1.78 5.00 0.00  0.00 -0.10 0.06 0.07 
 Exploited After  0 - - - - - - - - - 
  Exploited Before   2 0.05 0.22 1.00 0.00  0.07 -0.03 0.02 0.00 
D. volitans Control After   1 0.09 0.30 1.00 0.00  -0.03 -0.04 0.01 0.58 
 Control Before  5 0.45 0.82 2.00 0.00  -0.12 -0.10 0.05 0.67 
 Exploited After  1 0.03 0.16 1.00 0.00  -0.03 -0.04 0.01 0.58 
  Exploited Before   7 0.18 0.59 3.00 0.00  -0.05 -0.03 0.03 0.33 
D. pastinaca Control After   0 0.00 0.00 0.00 0.00  -0.05 -0.04 0.04 0.68 
 Control Before  7 0.64 1.03 3.00 0.00  -0.15 -0.10 0.05 0.39 
 Exploited After  6 0.15 0.43 2.00 0.00  -0.05 -0.04 0.04 0.68 
  Exploited Before   12 0.30 0.61 2.00 0.00  0.01 -0.03 0.03 0.28 
B. podas Control After   1 0.09 0.30 1.00 0.00  0.00 -0.04 0.04 0.28 
 Control Before  15 1.36 4.20 14.00 0.00  -0.12 -0.10 0.03 0.58 
 Exploited After  28 0.70 1.77 10.00 0.00  0.00 -0.04 0.04 0.28 
  Exploited Before   88 2.20 3.77 17.00 0.00  0.04 -0.03 0.03 0.04 
B. carolinensis Control After   0 - - - - - - - - - 
 Control Before  0 - - - - - - - - - 
 Exploited After  0 - - - - - - - - - 
  Exploited Before   9 0.23 0.73 4.00 0.00  -0.02 -0.03 0.03 0.69 
T. araneus Control After   1 0.09 0.30 1.00 0.00  -0.01 -0.04 0.04 0.50 
 Control Before  7 0.64 1.21 3.00 0.00  -0.14 -0.10 0.05 0.44 
 Exploited After  8 0.20 0.52 2.00 0.00  -0.01 -0.04 0.04 0.50 
  Exploited Before   5 0.13 0.92 3.00 0.00  -0.05 -0.03 0.02 0.38 
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Figure 4.  Relative abundance of fish (number of fish observed x 30 min) in the species considered in this 
study in the 51 sampling stations that were sampled before (B) and after (A) the impact. Values are 
connected by lines between sampling periods and sampling sites located in the exploited area are 
indicated in red while stations located in the control area are indicated in green.  

 
 

Table 2 Results of the univariate generalized linear mixed model fitted to test the effect of the counts of 
the pearly razorfish, X.  novacula before and after the opening of the sampling season in the 51 sampling 
stations sampled.  

	

 Estimate s.e t-value Pr(>|t|)  

(Intercept) 3.52 0.40 8.78 <0.001 *** 

Site (Exploited) -1.64 0.48 -3.43 <0.01 ** 

Period 0.05 0.07 0.75 0.456  

Site (Exploited) × Period -0.73 0.12 -5.81 <0.001 *** 
*significant	**highly	significant	***very	high	significant	

	

3.2.	Effects	of	recreational	fishing	on	associated	fish:	replicated	BACI	
 

The results of Correspondence Analysis (CA) are shown at Fig. 5. The bi-plot 

allows the interpretation of species correlations and site similarities. For instance, B. 

carolinensis seems to appear isolated from the other, or the presence of B. podas is 

independent of the presence of X. novacula (Fig. 5). However, there were no clearly 

isolated groups of species suggesting among species associations at this spatial scale. 

The results of the permutation test of the Constrained Correspondence Analysis (CCA) 

to test the effect of the interaction (site × period) while controlling (covariables) for the 

effect of sampling site ID and the single effect of period was significant (F-ratio = 

1.846, p-value = 0.04 after 999 free permutations). Therefore, we reject the hypothesis 

that recreational fishing did not, cause a significant change in the abundance of X. 
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novacula and on the associated fish community (Table 1). Figure 6 shows the 

constrained ordination plot of the CCA to interpret the contribution of each species and 

their direction in relation to the interaction effect B. carolinensis showed a clear decline 

in the exploited area compared with the control area, while X. novacula and P. 

erythrinus showed similar increasing the abundance in the control area and decreasing 

the abundance in the exploited area after the impact (although X. novacula was much 

more abundant in the control area) (Fig. 6). The abundance of B. podas and D. 

pastinaca declined in both the exploited and the control area with similar slope (Fig. 6). 

In the opposite side, L. mormyrus showed a strong decline in the control area compared 

with exploited area, while D. pastinaca and T. araneus showed also clear decline in the 

abundance in the control area after the impact but abundance increased in the exploited 

area (Fig. 6). 

	

	
Figure 5. Bi-plot of the two first components of the Correspondence Analysis (CA). The scaling option 
of the map is symmetric and both the row and column points are scaled to have inertias (weighted 
variances) equal to the principal inertia (eigenvalue or squared singular value) along the principal axes, 
that is both rows and columns are in principal coordinates. Species are represented by red triangles and 
their size and colour intensity is proportional to their relative frequency. The bi-plot describes that species 
located nearby are correlated.  
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Figure 6.  Ordination plot of the first components of the constrained Correspondence Analysis (CCA) 
fitted to the multivariate data (species density) to visualize the contribution of each species to the 
interaction effect (and sign) between (site × period). The projections of each species are plotted by their 
name and the effect of the interaction is showed as a vector (in blue). The first axis corresponds to the 
CCA where the effects of sampling ID and period where partially out following the optimal approach 
suggested by (Lepš and Šmilauer, 2003) for replicated BACI approaches. The interpretation of the 
ordination plot can be done by the relative position vertically projected on the vector (interaction terms). 
To aid with the visualization and interpretation of the raw-means plots (density of fish per 30 min log+1 
transformed) per site and period are plotted for each species. The right side of the plot shows the species 
were the abundances decrease in the exploited area with respect to the control, while the left side shows 
the species where the abundance in the control areas decline compared to the exploited areas.  
 
 

Discussion	
 
 The impacts of recreational fishing are not easily evaluable because fisher- 

dependent data on abundances are potentially biased (Morales-Nin et al., 2005). 

Therefore, the effect of recreational fishing on Xyrichthys novacula (pearly razorfish) 

and on the fish community associated in sandy bottoms in western Mediterranean have 

been analyzed using baited underwater cameras. In addition, BACI design allowed to 

separate fishing effects from other effects. This study was carried out in a Marine 

Protected Area (Palma Bay), this MPA have a no-take area (control area) and a buffer 

area where fishing is allowed but regulated (exploited area) In addition recreational 

fishing is banned from 01/04 to 31/08. The combination of these two management 

regularities allowed us to design a BACI experiment, as explained below. A total of 

1,691 fish has been reported and 74.9% were of X. novacula. In the exploited site the 

abundance of X. novacula declined a 38.8% after the opening season, then confirming 

the existence of a fishing effort. Concerning on the associated fish community, the 



Master’s Thesis                    IMEDEA (CSIC-UIB)  Rosario Rosselló Méndez 

 19

results show that some species reduce the abundance (Balistes carolinensis or Pagellus 

erytrhinus), but in other the changes in abundance may can be attributed to other 

environmental fluctuations. Accordingly, we demonstrate that replicated BACI and the 

use of baited underwater videos are adequate for study impacts of fishing. 

 

 Here we demonstrated methodological contributions that maybe useful 

disentangling the effects of recreational fishing from other environmental effects. First, 

we showed that tools used for fisheries management as marine protected areas (MPA) 

and seasonal closures can be used for designing experiments (Micheli et al., 2004; 

Boersma & Parrish 1999; Palumbi, 2001; Halpern, 2003) from wich valuable 

information about the impacts of fishing can be obtained (Jensen et al., 2012). In this 

work we have used a seasonal closure (1 of April to 31 of August) enforced in response 

to the overexploitation of X. novacula. Such a type of management tool may allow us to 

analyze the changes in the abundance of the pearly razorfish before and after the 

opening of the seasonal closure. However, in order to relate these changes with fishing 

it is necessary to separate the potential environmental effects (Schiermeier, 2004). The 

control area (i.e. no take area) provides a baseline from where the changes at the 

exploited area can be compared against. For this reason, a Before and After Control 

Impact design is appropriate. Our BACI results showed that the interaction between the 

control site vs. exploited site after opening seasonal closure was significant. The 

abundance of X. novacula has decreased in 38.8%. Therefore BACI design has been 

successfully used in other cases (Moland et al., 2013; Eggleston et al., 2008; Smith et 

al., 1993; Pitcher et al., 2009; Francini-Filho & Moura 2008). However, this is the first 

contribution specifically addressed to the recreational fisheries from the Mediterranean. 

 

 The second methodological contribution focuses in improving the estimation of 

the fish that soft bottom. Sandy bottoms are typically characterized by a lower 

abundance and richness than rocky or seagrass habitats (Tuya et al., 2005;  Deudero et 

al., 2008;  Sala et al., 2012). Moreover, some species inhabiting this type of bottom as 

X. novacula or T. araneus bury itself into the sand in presence of predator or scuba 

divers (Alós et al., 2012; Katsanevakis, 2005). Hence, some abundance estimates using 

visual censuses can biased because some fish remain undetected. In this work we 

developed a method based on the use of baited underwater videos. Furthermore baited 

camera offers more possibilities of increase the presence of fish (Mallet & Pelletier 
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2004). There are many studies that have been used underwater videos for analyzing 

relative abundance in rocky and seagrass habitats (Stobart et al., 2007; Yau et al., 2001; 

King et al., 2006; Denny & Babcok 2003) lengths (Cappo et al., 2003), behavior (Priede 

et al.,1990, 1994; Burge et al., 2012), species richness (Watson et al., 2005), habitat use 

(Gledhill et al., 2005) and the effect of humans fish behavior (Watson & Harvey 2007; 

Dorman et al., 2012). Here we have implemented a video based method for assessing 

the abundance of X. novacula and the associated fish community. 

                                                                                                                                                                         

 These two methodological contributions (replicated BACI design and the 

utilization of underwater baited cameras) have been analyzed for testin the impact of 

fishing X. novacula the abundance of the pearly razorfish decreased in the exploited 

area when compared with control area. Similar trend has been reported when comparing 

the abundance of X. novacula at two sites: and area open to all fishermen (AF) with an 

area open to professional fishing (PF). The fishing pressure on X. novacula was lower in  

PF where higher CPUE and large sizes (Box et al., 2009). Therefore, we provide strong 

evidence for a strong contraction on the abundance (and biomass) of fish with 

consequences for the fishery and ecosystem as we discuss below. 

 

Recreational fishing has a significant effect not only on X. novacula but also on 

the fish community. However, the direction of the interaction between area and period 

was species-specific and the general response of the community is unclear (see Figure 

6). Two types of fish can be differentiated: one group is composed by fish affected by 

fishing (B. carolinensis, X. novacula and P. erythrinus) and the other by fish possibly 

affected by environmental variability (L. mormyrus, D. pastinaca and T. araneus). A 

third group would be composed by (B. podas and D. volitans). The relative importance 

of fishing in front of other variables cannot be established. The results for these two 

species suggested that, although we know that in the control area had more individuals 

of X. novacula and P. erythrinus, also is possible that some individuals of these species 

have been moved to the control area as a “refuge” to explication. In fact, it is widely 

demonstrated that within a no-take marine reserve the density, biomass, organism size 

and species richness of exploited fish notably increased (Lester et al., 2009; Halpern & 

Warner 2002; Gell & Roberts 2003), and therefore this movement inside the no-take 

area could be plausible. The second group in terms of the general effects of the 

interaction can be also separated in two groups, one with L. mormyrus where their 
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abundance decrease in the control area and it maintains in the exploited area, and 

another with D. pastinaca and T. araneus that show a decrease in their abundance in the 

control and an increase in the exploited area. This response may be due to an enhanced 

abundance of their predators within the no-take area, and also as the control zone has a 

small size if these species have a high mobility is possible that they cross the boundaries 

and be caught (Micheli et al., 2004). However, the reserve size did not explain all the 

variation in the changes in abundances and biomass (Halpern, 2003). Also is possible 

that the home range of this species is greater than the size of the no-take area so they 

have been exposed to be captured (Kramer & Chapman 1999). For these reasons, the 

responses of the species in the control area can be not attributed to the fishing and 

suggest that the general impact of recreational fishing on the associated community of 

X. novacula is species-specific. 

 

Different outcomes can be suggested from relation of this drastic abundance and 

biomass of X. novacula. There are two effects due to fishing of X. novacula: unbalanced 

sex and the fishing pressure reduce size of females and this affects to the egg production 

(Box et al., 2009; Palmer et al., 2004). If the targeted species by recreational fishing is a 

predator can influence the trophic process and the community structure of their preys 

(De Ross & Persson, 2002).  Usually, the recreational anglers are selective in their catch 

by species, size, age, or physiological or behavioural traits (Lewin et al., 2006; Cooke et 

al., 2007). Other consequence of exploitation is the loss of genetic diversity in the 

population, this result in a low fitness (Keller & Waller, 2002). The Esox Lucius (the 

pike) decreased their age at first maturation due to exploitation by the recreational 

fishing (Diana, 1983). Besides, in centrarchids the aggressiveness of nesting males is 

correlated positively to with the abundance of eggs in male’s nest (Suski & Philipp, 

2004). For that reason, the males with this behavior contribute more to the annual 

recruitment. Nevertheless, the males more aggressive are those which have more chance 

of being caught. Therefore less aggressive males may reduce the fitness of the surviving 

population (Suski & Philipp, 2004). This fact may occur in the pearly razorfish because 

the males more aggressive are quickly caught (Box et al., 2009). Genotypes that survive 

to overfishing may be less than optimal with natural selection (Conover, 2000) and this 

may impede the recovery of the population. Catch-and-release fishing may have 

negative effects on fish populations (Cooke et al., 2002). The fish are release because 

they are under protection (Millard et al., 2003) but if the hook are in wrong place and 
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injures (Bartholomew & Bonhnsack, 2005; Aalbers et al., 2004) are several the 

mortality may occur immediately post-release (Edwards et al., 2004). Even if this 

injuries maybe no lethal, the fish may be more vulnerable to parasites, bacterial and 

fungal infections (Steeger et al., 1994) reduce the ability to escape from predators 

(Cooke et al., 2003). Likewise if the abundance of fishes that feed of sea urchins, for 

decrease, their prey may increase in abundance and overgrazing the seagrass and cause 

important consequences (Sala et al., 1998; Lafferty, 2004). Recreational fishing also has 

other types of impacts that affect in the community in an indirect way. For example, the 

loss of hook and line can be dangerous for sessile invertebrates, and these can be preys 

of targeted fishes therefore, the targeted fishes would be in danger also (Asoh et al., 

2004) also is dangerous for fishes, water birds, turtles (Ciappone et al., 2005) and 

mammals (Beeson et al., 1996; Fairfiel, 2010), the sounds of the recreational boast 

induce stress and hearing loss in fish (Scholik & Yan 2002), loss of fishing leads made 

of materials considered to be toxic to the environment (Lloret et al., 2014). Finally, the 

boat traffic also affects at the population because the waves caused by the boat produce 

disturbances preventing fish from feeding or nest-guarding and are stressors of the fish 

larvae (Wolter & Arlinghaus 2003). 

Recreational fishing is selective against larger individuals (Randomski, 2003; 

Pauly et al., 1998) or biased in relation to sex (Lewin et al., 2006). In the case of X. 

novacula, the males are large and more frequently in the captured because the currently 

hook allows to capture a wide group of fishes sizes (Riera & Linde 2001). In addition, 

males are more aggressive and consequently more frequently captured than females 

(Box et al., 2009). Besides, minimum length regulation may contribute to enhance size 

selectivity as reported (Arlinghaus et al., 2002). In the case of X. novacula when a 

dominant male of a group is captured, the largest female shift to a male (Candi et al., 

2004; Palmer et al., 2004) this process results in a decrease on size average because 

females are smaller than males (Riera & Linde 2001). Therefore, if the females are 

small the fecundity reduces also. Consequently, there are a change to the growth rate 

that becomes more fast, and the number of propagules decrease such a point that a high 

rate of juvenile survival not compensate and their reproductive exit decrease (Palmer et 

al., 2004; Reznick et al., 1990). In an effort to improve the management of the pearly 

razorfish is important know how big should be an MPA for this specie depending on the 

home range (Kramer & Chapman 1999; Kaplan et al., 2006). Alós et al., (2012) 

demonstrated that the home range of X. novacula is small and this indicate that small 
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MPAS are a good management tool for this species and could effectively protect them 

during its spawning season. 

 

Different management tools can be recommended in order to counteract the impacts 

and mitigate these negative consequences caused by recreational fishing (Halpern, 

2003; Januchowski-Hartley et al., 2014). In this work we have demonstrated the 

usefulness of the MPA of Palma Bay and the seasonal closure to protect the abundance 

of X. novacula. In fact, in a recent review, it has been reported that 63% of reserves 

increased the abundance of the protected fish, 80% increased the average size, 90% 

increased biomass and 95% increased diversity. For example, in the Leigh Marine 

Reseve (New Zealand) after 5 years since the establishment of the reserve the density of 

Pagrus auratus was between 5.8 and 8.7 times higher within the reserve compared to 

nearby fished areas (Babcok et al., 1999). The usefulness of seasonal closure has been 

empirically supported too (Meyer, 2003; Cinner et al., 2005; McClanahan et al., 2006). 

In the case of X. novacula, this seasonal closure was established with the objective to 

protect the period of reproduction of this fishes (Box et al., 2009). However, our impact 

occurs in a very short period of time and this result in an “overfishing” above the pearly 

razorfish in a pair of days. Information about this fact is precisely what is lacking 

(Cinner et al., 2005). With our experiment we have to probe that the seasonal closure is 

also a good tool because the abundance only decrease in 38.8%, there are a 60% 

approximately that survive and provide generations year after year. Additionally, there 

are others implications for the management for example: inform to the recreational 

anglers, improve the vigilance in order to follow the law, and improve also the 

selectivity of the fishing gears (Oceana 2011). Although there are a few studies of the 

recreational fishing impacts is necessary to do more experiments about this type of 

fishing because their impacts are masked by commercial fishing. We hope our work 

contributes to fill this gap and provide strong empirical evidence that can be used for the 

local manager for proper management the fishery enhancing the sustainable 

development of recreation fisheries in the Mediterranean. 
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4. Conclusions	
 

 We have demonstrated the usefulness of the replicated BACI to study the impact 

of recreational fishing on fish communities. 

 The use of underwater baited cameras is a suitable methods for estimating the 

abundance of the fish community associated to the coastal soft bottoms of the 

Mediterranean. 

 The abundance of X. novacula after the opening closure decreases a 38.8% due 

to the fishing activity, which may have negative consequences at individual, 

population and ecosystem level. 

 The effects of recreational fishing to the fish community associated X. novacula 

are species-specific. 

 The combination of no-take Marine Protected Areas and the seasonal closure are 

useful to maintain sustainable exploitation of Xyrichthys novacula population by 

recreational fishing. 
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