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RESUMO 

 

O pisoteio associado ao turismo em ambientes costeiros é uma atividade comum em 

várias regiões geográficas. Entretanto, estudos que avaliam seus efeitos sobre a 

meiofauna em substrato duro são raros e para ambientes recifais são inexistentes. O 

presente estudo teve como objetivo avaliar os efeitos de curto e longo prazo do pisoteio 

humano sobre as associações de meiofauna (grandes grupos) e Copepoda Harpacticoida 

(espécies) de fital nas formações recifais da Praia de Porto de Galinhas (Nordeste do 

Brasil, PE, Ipojuca) e seu padrão de recuperação após o fim do pisoteio. Para isso foram 

realizados dois experimentos: um observacional e um manipulativo. Em ambos os 

experimentos, o pisoteio causou fortes alterações nas associações e as densidades dos 

principais grandes grupos e espécies de Harpacticoida foram negativamente afetadas. 

Entretanto, diferenças nos padrões de resposta foram observadas em função de variáveis 

ambientais, como a espécie de alga-substrato pisoteada. Uma análise de distribuição 

não-aleatória detectou que várias espécies foram indicadoras de áreas protegidas ou 

impactadas pelo pisoteio. Três meses após o fim do pisoteio as associações e a maioria 

dos táxons haviam retornado à situação inicial ou à controle. Considerando a 

importância da meiofauna nas relações tróficas nos ecossistemas bentônicos e a falta de 

conhecimento sobre a biodiversidade de Harpacticoida, este estudo chama atenção para 

as possíveis conseqüências negativas que o pisoteio pode ter sobre os “serviços” 

ecológicos e econômicos que os recifes fornecem. 

 

Palavras-chave: Ação antropogênica, Perturbação de ecossistemas, Turismo, Alga, 

Habitat, Bentos, Recifes de coral. 

 



ABSTRACT 

 

Trampling related to tourism on coastal environments is a common activity worldwide. 

However, studies evaluating the effect of trampling on meiofauna of hard substrates are 

rare, and of reef environments are non-existent. The present study aimed to investigated 

the long and short-term effects of human trampling on meiofauna (major groups) and 

Harpacticoida (species) assemblages on the phytal of reef formations of Porto de 

Galinhas beach (Brazilian northeastern, PE, Ipojuca) and the pattern of recovery after 

trampling ceased. For this, were used both an observational and a manipulative 

experimental approach. In both experiments trampling caused important changes on 

meiofauna and Harpacticoida assemblages and affected negatively the densities of the 

commonest major groups and species. Different patterns of response were found due to 

natural variables, like the species of algae-substrate trampled. A non-random 

distribution analysis detected that many species were indicators of trampled or protected 

areas. Three months after trampling ceased both assemblages and most of the taxa had 

returned to initial or control situation. Considering the importance of meiofauna in the 

food web on benthic environments and the lack of knowledge on Harpacticoida 

biodiversity the present study call attention to the possible negative consequences of 

human trampling on the ecological and economic "services" that coral reefs provide.  

 

Keywords: Man-induced effects, Ecosystem disturbance, Tourism, Algae, Habitat, 

Benthos, Coral reefs. 
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INTRODUÇÃO GERAL 

 

Os recifes de coral constituem cerca de um-sexto da linha costeira mundial e 

suportam centenas de milhares de espécies animais e vegetais (Birkeland, 1997; Roberts 

et al., 2002). Além disso, os recifes constituem a principal fonte de proteína para grande 

parte da população humana que vive próximo a estas formações. Economicamente, 

diferentes organismos dos recifes têm sido explorados através da pesca predatória, 

entretanto, o principal foco da economia nos recifes de coral está no crescente turismo 

em vários locais no mundo (Birkeland, 1997; Maida e Ferreira, 1997; White et al., 

2000). 

O Brasil é o quinto maior país do mundo em área territorial e possui 

aproximadamente 7408 km de litoral. Associadas a boa parte da costa, as formações 

recifais se estendem por cerca de 3000 km, ocorrendo principalmente ao longo da costa 

tropical, no Nordeste. As formações recifais brasileiras diferem dos recifes de coral 

encontrados em outras regiões do mundo, sendo raras em outros locais e únicas no 

Atlântico Sul (Maida e Ferreira, 1997; Amaral e Jablonski, 2005). Sua superfície é 

normalmente recoberta por manchas de zoantídeos e tapetes de algas (Maida e Ferreira, 

1997), sendo a área recoberta por algas denominada ambiente fital (do grego phyton, 

planta) que é definido como um habitat marinho dominado por macrófitas e, em função 

das quais, coexistem animais e outras algas epífitas. 

A fauna associada ao ambiente de fital pode ser subdividida em macro, meio e 

microbiota em função do tamanho. A comunidade meiofaunística é representada por 

metazoários bentônicos bem definidos biologicamente que ficam retidos entre os 

intervalos de malha de 0,044 ou 0,062mm a 0,5 ou 1mm. Densidades da meiofauna de 

fital de até 10
6
 indivíduos/m

2
 de substrato não são incomuns e a meiofauna pode 
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corresponder a 10% da biomassa da macrofauna nesses ambientes (Giere, 2009). No 

ecossistema fital, a película orgânica sobre a superfície das algas, formada por detritos, 

bactérias, diatomáceas e protozoários, é o fator nutricional de maior importância para a 

meiofauna (Giere, 2009). A meiofauna desempenha um papel importante no fluxo de 

energia dos sistemas bentônicos (Coull, 1988; Danovaro et al., 2007) e sobre os recifes, 

a meiofauna de fital representa uma fonte alimentar adicional, geralmente disponível 

apenas em áreas de fundos móveis, principalmente para macrofauna, camarões e 

pequenos peixes predadores (Giere, 2009). 

Dentre os grupos da meiofauna, Harpacticoida é regularmente o táxon mais 

abundante em fital (Coull et al., 1983; Hall e Bell, 1993; Giere, 2009) onde apresenta 

altos valores de diversidade (Hicks, 1977a). Harpacticoida é uma das nove Ordens da 

Subclasse Copepoda, sendo constituída por pequenos animais que variam de 0,2 a 2,5 

mm de comprimento (Boxshall e Halsey, 2004). Segundo Wells (2007) até outubro de 

2006 foram registradas aproximadamente 4.300 espécies de Harpacticoida em 589 

gêneros e 56 famílias.  

No Nordeste do Brasil, bancos de recifes de vários tamanhos formam de uma a 

várias linhas de recifes ao longo da costa dos estados do Rio Grande do Norte, Paraíba, 

Pernambuco e Alagoas (Leão e Dominguez, 2000). Esses recifes ocorrem 

principalmente próximos à costa e estão associados com locais densamente povoados. 

Assim, no Brasil, os maiores problemas que ameaçam os recifes de coral podem ser 

relacionados com atividades humanas. Desde a década de 80 a ocupação da zona 

costeira tem se intensificado exercendo diversos tipos de impactos nos ecossistemas 

costeiros com efeitos diretos no ambiente marinho (Leão e Dominguez, 2000). As 

formações recifais ocorrem próximo aos centros urbanos onde ocorrem acelerado 

crescimento e desenvolvimento turístico, somado a isto, grande industrialização ocorre 
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nas regiões de Fortaleza, Recife e Salvador. Nessas regiões destacam-se diferentes tipos 

de impactos de origem antrópica que afetam os recifes de coral como: aumento na 

sedimentação devido à remoção da floresta Atlântica e do ecossistema de Restinga e 

substituição por plantações de cana-de-açúcar e coqueiros; sobre-exploração dos 

recursos fornecidos pelos recifes (como o uso direto do recife para construções e na 

refinaria do açúcar ou ainda a pesca predatória); despejo de efluentes industriais e 

urbanos; poluição relacionada à agricultura (principalmente a monocultura da cana-de-

açúcar); o aumento do enriquecimento por nutrientes nas águas próximo aos recifes; e, 

mais recentemente, uma fonte de impacto importante são as atividades de recreação e 

turismo não planejadas (Maida e Ferreira, 1997; Leão e Dominguez, 2000; Leão e 

Kikuchi, 2005). Nesta última, associadas à destruição causada pela falta de cuidado 

durante a ancoragem de embarcações, ou durante a prática de mergulho, estão a 

poluição proveniente de óleos de motor e do lixo e o pisoteio humano (tráfego de 

pessoas) que é um dos principais impactos antrópicos aos quais os recifes estão 

submetidos na região Nordeste do Brasil (Maida e Ferreira, 1997).   

O pisoteio humano sobre ambientes marinhos de substrato duro, como os 

recifes de coral, é uma atividade comum e crescente associada ao turismo em várias 

regiões geográficas (Pinn e Rodgers, 2005; Van der Werfhorsf e Pearse, 2007; Smith et 

al., 2008) e particularmente importante em praias do litoral de Pernambuco, como em 

Porto de Galinhas (Ipojuca, PE) (Maida e Ferreira, 1997). Apesar dos efeitos destrutivos 

do pisoteio terem sido documentados em ambientes marinhos e terrestres (Liddle, 

1997), estudos que avaliam o efeito do pisoteio humano sobre a meiofauna em substrato 

duro são raros e para o ambiente de recifes são inexistentes.  

A praia de Porto de Galinhas localizada no litoral sul do estado de 

Pernambuco, próximo a cidade de Ipojuca, é um dos destinos turísticos mais 
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importantes do Brasil. Por ocorrerem próximo à costa, jangadas levam diariamente 

centenas de turistas para caminharem sobre os recifes durante a maré baixa 

principalmente no verão (Alcantara et al., 2004). 

Associada à importância econômica e ecológica dos recifes de coral (Leão e 

Dominguez, 2000; White et al., 2000) é necessário destacar o risco que o pisoteio 

humano pode determinar quanto à modificação de habitats e perda de biodiversidade 

(Keough e Quinn, 1998; Pinn e Rodgers, 2005) o que somado à falta de conhecimento 

tanto sobre a comunidade de meiofauna quanto sobre a biodiversidade de Copepoda 

Harpacticoida em fital no Brasil (Amaral e Jablonski, 2005) são justificativas para o 

desenvolvimento deste trabalho que teve como principal objetivo avaliar o efeito do 

pisoteio humano sobre a comunidade de meiofauna associada ao tapete de algas dos 

recifes de Porto de Galinhas (Ipojuca, PE). Especificamente, foram avaliados o efeito do 

pisoteio humano decorrente do turismo sobre a estrutura da comunidade de meiofauna e 

de Copepoda Harpacticoida, o efeito de curto prazo do pisoteio experimental sobre a 

estrutura da comunidade de meiofauna e de Copepoda Harpacticoida e o padrão de 

recuperação destas comunidades durante um, dois e três meses após o fim do pisoteio 

experimental. Os resultados deste estudo servirão como primeira base de dados para 

avaliar o impacto do pisoteio sobre a comunidade da meiofauna em recifes de coral. 

Estas informações poderão subsidiar medidas de educação ambiental e de 

gerenciamento adequado da visitação dos turistas nos recifes de Porto de Galinhas, bem 

como de outras regiões. 

Esta dissertação é composta por quatro capítulos, destes, os três primeiros 

estão no formato de artigos científicos onde cada um será destinado a publicações 

separadas. Uma vez que os dados analisados para o quarto capítulo não apresentaram 

resultados consistentes, este capítulo será apresentado em formato de nota científica 
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(análises posteriores de mais réplicas e/ou animais por réplica serão efetuadas para 

publicação em forma de artigo).  Todos os quatro capítulos foram redigidos em inglês e 

seguem as regras de formatação para publicação no periódico Scientia Marina. As 

referências bibliográficas citadas nos quatro capítulos são apresentadas no final da 

dissertação em uma única seção. Referências eventuais aos capítulos serão realizadas 

como Sarmento (2011 a; b; c ou d) para evitar repetições metodológicas e quando for 

necessária a citação de dados de capítulos anteriores. 
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CAPÍTULO 1: 

MEIOFAUNA RESPONSE TO HUMAN TRAMPLING ON CORAL REEFS 

 

INTRODUCTION 

Trampling is a human disturbance originating from outdoor recreational 

activities, and its destructive effects have been documented in terrestrial and marine 

environments (Liddle, 1997). This impact is common in coastal ecosystems, with 

people walking on sandy and rocky intertidal zones in many parts of the world (Defeo et 

al., 2009; Davenport and Davenport, 2006).  

Coral reefs are among the most prominent marine ecosystems of tropical 

Brazil. These reefs are distributed along 3000 km of the northeastern coast, and they 

include the southernmost coral reef communities of the Atlantic. The Brazilian coral 

reefs form structures significantly different from most of the well-known coral reef 

models in the world (Leão and Dominguez, 2000). In addition to the ecological 

importance of these unique reef ecosystems, they provide direct and indirect economic 

benefits related to fisheries and ecotourism (White et al., 2000). 

Uncontrolled urban development and unplanned tourism activities are 

responsible for different kinds of human impacts on the Brazilian coastal zone (Maida 

and Ferreira, 1997; Leão and Dominguez, 2000; Costa Jr. et al., 2008; Ferreira and 

Rosso, 2009). In the Brazilian Northeast region, the reef formations located at Porto de 

Galinhas Beach in the state of Pernambuco are one of the most important tourist 

destinations in the country. However, they are vulnerable ecosystems due to the ease of 

access, allowing thousands of people to disembark and walk freely across them at low 

tide (Alcantara et al., 2004). 
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The surface of these reefs is usually covered by zoanthids and thick mats of 

algae (Maida and Ferreira, 1997), and the meiofauna is one of the assemblages 

subjected to the effect of trampling in the reef phytal environment. Defined as a 

biologically and ecologically separate group of metazoans that are trapped between 

meshes of 0.044 mm (or 0.062 mm) and 0.5 mm (or 1 mm) (Giere, 2009), meiofauna 

animals are likely to be more abundant than macrofauna by at least an order of 

magnitude in the turf (Gibbons and Griffiths, 1986). Meiofauna densities of up to 10
6
 

individuals/m
2
 of turf coverage are not uncommon, and some phytal environments are 

considered “hot spots of meiofaunal production”, attaining values around 10 g.C.m
−2

.y
−1

 

(Giere, 2009). Meiofauna organisms may occupy different microhabitats in the phytal 

substrate, including the surface of the fronds, the interstices of holdfasts, and the 

sediment and detritus that accumulate at the bases of the stems (Hicks, 1977b; Arroyo et 

al., 2004). The metazoan meiofauna is a key component of the coastal benthos, 

contributing significantly to energy transfer to higher trophic levels (Coull, 1988; 

Danovaro et al., 2007). Although meiofaunal organisms are usually scarce on bare reefs, 

valuable meiofaunal food is available in algal mats and represents an additional food 

source, mainly for macrofauna, shrimp, and small fish (Giere, 2009).  

Meiofauna have been used to investigate the effects of human impacts and 

particularly of trampling in different environments. Gheskiere et al. (2005) 

demonstrated that tourism related to trampling was affecting the sandy beach meiofauna 

in the upper beach zone on the Hel Peninsula (Poland) and in San Rossore (Tuscan 

region). The responses of the meiofauna associated with bait-collecting of the 

sandprawn Callianassa kraussi were assessed by Wynberg and Branch (1997) in a 

marine lagoon on the west coast of South Africa. In mangrove sediments of the Towra 

Point Aquatic Reserve in Botany Bay (south of Sydney, Australia), Dye (2006) 
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evaluated the effects of physical disturbance caused by trampling on meiobenthos. 

Johnson et al. (2007) also investigated the effects of mudflat disturbance by trampling 

associated with crab-tiling on meiofauna communities and their recovery in the Yealm 

Estuary (Devon, England). However, studies evaluating the effect of human trampling 

on meiofauna of hard substrates are rare, and for reef environments are nonexistent. 

Although a reasonable body of literature documents the effects of trampling, few 

papers are concerned with the effect of human trampling on the abundance of small 

phytal-dwelling invertebrates (including meiofaunal sized organisms) on rocky shores 

(Casu et al., 2006a; b). In a study on Asinara Island in the northwestern Mediterranean, 

Casu et al. (2006a) applied two experiments to infer human trampling effects on small 

phytal-dwelling invertebrates (> 100µm). In the descriptive study (an observational 

experiment) comparing a visited area (Sabina Bay) with two control areas (Sant‟Andrea 

Bay and Arena Bay), the authors found significant differences in the abundance of only 

isopods and caprellid amphipods but stated that differences for these taxa were not 

likely to be due to tourism. On the other hand, the manipulative experimental approach 

applied inside both protected areas (Sant‟Andrea Bay and Arena Bay) Casu et al. 

(2006a) showed that two experimental trampling intensities, based in trampled 

intensities registered in Sabina Bay, can cause decreases in the abundances of many 

taxa. 

The present study evaluated the effect of human trampling due to tourism on 

the phytal meiofauna assemblage in two areas on the reefs of Porto de Galinhas: an area 

that has been protected since 2004, and an area that is continuously open to visitors. 

Two hypotheses were tested: trampling significantly reduces the density of major 

taxonomic groups of meiofauna, the turf height, biomass, sand content, and algal cover; 

and, trampling significantly alters the meiofauna assemblage structure. 
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MATERIALS AND METHODS  

Study area 

Data were collected on February 25, 2009 on the reefs of Porto de Galinhas 

Beach. These formations have a total area of 0.42 km
2
, and are located between the 

coordinates 8º30‟26” to 8º30‟41” S, and 34º59‟52” to 34º59‟55” W (Fig. 1). From 

November to March and in July, Porto de Galinhas receives up to 65000 visitors 

monthly. The assessment of trampling effects on phytal meiofauna was conducted on 

the reef visited by most tourism rafts (Fig. 1). In the trampled area, large numbers of 

tourists (1020 people over one low-tide period) are taken daily by rafts for tours that last 

about 45 min (data from Porto de Galinhas Raftmen Association). On this same reef, 

there are areas that have been permanently conserved since 2004 (between 2004 and 

2009, 70% of the total reef area was protected). These areas are marked by buoys and 

ropes, and tourists are forbidden to enter. 

 

FIG. 1. – Study area showing the location of the five sampling stations (I to V) along the 

reef visited by most tourism rafts at Porto de Galinhas (northeastern Brazil). 
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Data collection 

To investigate trampling impacts from human visitors, we selected five (I to V) 

paired groups of stations located along the reef following the limits between the 

protected and trampled areas, with each pair having a station outside (I to V - Trampled) 

and within (I to V - Protected) the protected area (Fig. 1). The paired design was used to 

minimize the station-to-station variability due to factors other than human use, such as 

temperature, exposure to wave activity, reef topography or heterogeneity in the turf 

species distribution. Three replicate samples were collected per station.  

Samples were taken using a corer to delimit a turf area of 10 cm
2
. Than, the turfs 

were collected by cutting the turf down to the reef surface using a metal scraper, to 

ensure that all turf and underlying sediment were removed. Meiofauna samples were 

preserved in 4% formalin in seawater in the field, and taken to the laboratory. During 

the sampling, turf height was obtained for each replicate by measuring them close to the 

sample core area, using a caliper (precision 0.1 mm) inserted to the reef surface. To 

obtain the percentage of algal coverage in the two study areas, photographs of the 

sampling stations were taken. Photo-quadrats of 0.27 m
2
 (0.45x0.60 m) were analyzed 

by examination of points in a grid with 100 intersections; the percent cover was equal to 

the number of points lying over algae.   

In four different locations of the area open to visitors, digital videos were taken 

during low tide. The analysis of 5 min videos of 4 m
2
 areas at each location was used to 

assess the average trampling rate (estimated as the number of steps per square meter for 

a period of 2 h) that the turfs received during the peak tourist season in 2009. 

In the laboratory, the fauna was extracted by manual elutriation with filtered 

water through geological sieves with mesh sizes of 0.5 mm and 0.063 mm. The 

meiofauna retained between the sieves was analyzed under a Leica EZ4 
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stereomicroscope, to evaluate densities of the major meiofaunal groups. The algae 

species were identified for each replicate. After fauna extraction, the algal biomass and 

the sand content were assessed per replicate. Sand and turf were dried separately to 

constant weight at 60ºC and weighed to the nearest 0.1 mg. Before drying, the 

proportions of the main algae species were evaluated visually, using the following 

classes: ~5%, ~10%, ~25%, ~50%, ~75%, ~90%, ~95%, ~100%. 

Statistical analysis  

The Bray-Curtis index was applied to untransformed data to assess the 

similarity among meiofauna samples. Multi-Dimensional Scaling (MDS) was used to 

represent the similarity matrix graphically in a two-axis space. Analysis of similarity 

(two-way ANOSIM) was used to assess significant differences in the structure of the 

meiofauna assemblage between protected and trampled areas and among the five 

sampling stations. 

Two-way analysis of variance (ANOVA) was used to examine the effects of 

trampling on the physical characteristics of the turf: algal biomass, sediment content, 

turf height, and algal coverage between the two areas and among the five sampling 

stations. This same analysis was used to examine the trampling effect on densities of 

total animals and on the densities of the main meiofaunal groups. Two fixed factors 

were utilized for ANOVA analysis: Trampling and Stations. The heterogeneity of 

variances was verified with the Bartlett test, and the abundance of Acari, Harpacticoida, 

Nauplii, Nematoda, Oligochaeta, Polychaeta, Tardigrada and also sediment content and 

turf height were transformed to natural logarithm of (X+1) prior to analysis. Other 

variables were analyzed untransformed. The Fisher LSD test was used for a posteriori 

comparison when the interaction between factors was significant.  
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To detect if differences in total meiofauna density between protected and 

trampled areas could be related only to the amount of substrate available, a covariance 

analysis (ANCOVA) was performed. In this analysis, trampling was considered as the 

single factor, total meiofauna density (in 10 cm
2
) as the dependent variable, and total 

substrate weight as the co-variable. The substrate weight was obtained from the sum of 

dry sediment weight and algae wet weight. The heterogeneity of variances of the 

variables total meiofauna density and substrate weight was verified with the Bartlett 

test, and the null hypothesis of the parallelism of the regression lines was tested.  The 

significance of the effect of total substrate weight on total meiofauna density was also 

calculated. 

MDS and ANOSIM analyses were done using the software Primer
®

 v.6 

(Plymouth Routines in Multivariate Ecological Researches). The two-way ANOVA and 

ANCOVA were calculated using the software STATISTICA 7.0.  

The level of significance was set at p < 0.05 for all analyses. Multivariate 

analysis was based on the methods proposed by Clarke and Warwick (1994), and for 

parametric statistical analysis we followed Zar (1996). 

 

RESULTS 

Trampling effects on phytal habitats 

The turfs covering the reef surface of the study area were formed mainly by two 

species of algae: Chondrophycus papillosus (Agardh) Garbary and Harper and 

Gelidiella acerosa (Forsskål) Feldmann and Hamel. G. acerosa is characterized by a 

thallus with several tufted, entangled, cylindrical, erect axes, with opposite or 

subopposite pinnate filiform pinnules, brown or reddishbrown coloured and 

cartilaginous texture. The algae C. papillosus has a thallus composed of several 



13 

 

cylindrical, stiff to cartilaginous branches. Branches decrease in length towards the 

apices so having a pyramidal outline. They are crowded with short, truncate to 

tuberculate branchlets (like swollen), which are radially arranged in regular longitudinal 

rows. They are reddishbrown to deep brown (Fig. 2). 

 

FIG. 2. Two main species of algae covering the reefs at Porto de Galinhas in 

northeastern Brazil. a) Gelidiella acerosa and b) Chondrophycus papillosus. 1) algae 

washed under tap water and 2) algae with associated detritus.  

 

The algae turfs showed a heterogeneous composition and distribution along the 

reef.  At station I (trampled and protected areas), the turfs were formed exclusively by 

C. papillosus, while G. acerosa was the main species (>75%) forming the turfs sampled 

at the other four stations (stations II to V in the trampled and protected areas). Inside the 

turfs, the mean temperature was 35ºC, ranging from 32.5 to 37ºC.  

The analysis of the remote videos revealed that Porto de Galinhas reefs open to 

touristic visitation received a mean trampling rate of 620 footsteps/m
2
/2 h (standard 

b1 a1 

a2 b2 
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deviation=228 footsteps/m
2
/2 h) with maximum and minimum values of 855 and 337 

footsteps/m
2
/2 h respectively.  

The effect of human trampling on the physical characteristics of the phytal 

substrate is illustrated in Figure 2. The percentage of turf coverage on the reef surface 

did not show any significant differences between trampled and protected areas or 

stations, nor for interaction between factors (Table 1). On the other hand, turf height 

was significantly different for the factors Trampling and Stations, and also for the 

interaction between these factors, although the results for Stations and interaction were 

weakly significant (0.01<p<0.05). Algal dry weight was highly significant for the 

factors Trampling and Stations, and also for the interactions between the two factors. 

Sediment dry weight associated with the turf also showed highly significant results for 

the factors Trampling and Stations, but not for the interaction between factors. Although 

the turf height showed significant interaction between factors, the a posteriori test 

(Fisher LSD) indicated that the turf height was lower (p<0.01) in the trampled area 

when compared to the protected area at all five sampling stations. Considering the 

variable turf weight, stations I (p=0.49) and II (p=0.06) did not show significant 

reductions between trampled and protected areas, while in the other stations the turf 

weight was significantly reduced in the trampled area (p<0.01). 
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FIG. 3. – Physical characteristics of the phytal substrate (sediment content, turf weight 

and height, and algal coverage) in the protected and trampled areas of five sampling 

stations (I to V) at Porto de Galinhas in northeastern Brazil. Bars represent means of 

three replicates ± 95% Confidence Intervals. * Indicates significant differences between 

trampled and protected areas.  

 

TABLE 1. – Analysis of variance (two-way ANOVA) results for the physical 

characteristics of the phytal substrate at Porto de Galinhas reef in northeastern Brazil. 

(df= degrees of freedom; MS: mean square). Significant F values in bold. 

Factors   Turf height  Algal biomass 

 df  MS F p  MS F p 

Trampling 1  5.55 79.4 <0.001  0.42 77.6 <0.001 

Stations 4  0.25 3.63 0.02  0.05 8.86 <0.001 

Trampling x Stations 4  0.20 2.90 0.04  0.04 8.36 <0.001 

Residual 20  0.07    0.005   
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   Sediment content  Algal coverage 

 df  MS F p  MS F p 

Trampling 1  7.29 19.0 <0.001  0.023 1.69 0.207 

Stations 4  10.3 27.0 <0.001  0.018 1.31 0.29 

Trampling x Stations 4  0.58 1.53 0.23  0.007 0.51 0.73 

Residual 20  0.38    0.014   

 

Trampling effects on meiofauna assemblage 

A total of 39485 animals were counted: 27378 animals in the protected area and 

12107 in the trampled area. The meiofauna inhabiting the turf algae and sediments 

covering the reef surface in Porto de Galinhas was composed by the taxa Acari, 

Bivalvia, Copepoda Harpacticoida, Gastropoda, Gastrotricha, Kinorhyncha, Nematoda, 

Oligochaeta, Ostracoda, Polychaeta, Polyplacophora, Tardigrada, Turbellaria, and 

Tanaidacea. In the protected area the dominant groups were Copepoda Harpacticoida 

(40.86%), Nematoda (25.18%), Ostracoda (13.9%), Turbellaria (11.64%), and 

Polychaeta (6.08%). In the area under trampling disturbance, the main taxa were 

Copepoda Harpacticoida (43.34%), Ostracoda (23.91%), Nematoda (16.91%), and 

Turbellaria (9.57%). 

Meiofauna total densities were rather high, with a mean of 1801.5 individuals/10 

cm
2
 for the protected area (minimum 996.3 individuals/10 cm

2
 at station V and 

maximum 2062 individuals/10 cm
2
 at station II) and 800.9 individuals/10 cm

2
 for the 

trampled area (minimum 134.7 individuals/10 cm
2
 at station IV and maximum 2173.3 

individuals/10 cm
2
 at station I). The effects of trampling on the densities of total 

meiofauna, as well as on the most abundant taxa at the five sampling stations are shown 

in Figure 3. 
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FIG. 4. – Densities of total meiofauna and of the main groups of meiofauna 

(individuals/10 cm
2
) for protected (white bars) and trampled (black bars) areas at the 

five sampling stations (I to V) at Porto de Galinhas in northeastern Brazil. Bars 

represent mean of three replicates ± 95% Confidence Intervals. * Indicates significant 

differences between trampled and protected areas. 
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The two-way ANOVA results (Table 2) indicated that all groups except 

Oligochaeta showed significant interactions between the factors Trampling (trampled vs 

protected area) and Stations. Despite the low densities in the study area, Oligochaeta 

showed a weakly significant difference for factor Trampling only. The Ostracoda and 

Tardigrada showed highly significant results for the interaction between factors. 

However, the large increase in the density of these groups in the trampled area of station 

I prevented detection of significant differences for the factor Trampling alone (Table 2). 

 

TABLE 2. – Analysis of variance (two-way ANOVA) results for the main meiofauna 

groups at Porto de Galinhas reef in northeastern Brazil. (df = degrees of freedom; MS = 

mean square) Significant F values in bold.  

Factors   Nematoda  Harpacticoida 

 df  MS F p  MS F p 

Trampling 1  19.81 75.8 <0.001  8.24 48.54 <0.001 

Stations 4  1.26 4.83 <0.01  2.21 13.04 <0.001 

Trampling x Stations 4  3.24 12.4 <0.001  0.54 3.16 0.036 

Residual 20  0.26    0.17   

   Polychaeta  Turbellaria 

 df  MS F p  MS F p 

Trampling 1  26.81 60.3 <0.001  15400 42.1 <0.001 

Stations 4  1.83 4.12 0.01  133000 4.87 <0.01 

Trampling x Stations 4  2.91 6.54 0.002  10100 3.21 0.03 

Residual 20  0.444    3162   

   Nauplii  Tardigrada 

 df  MS F p  MS F p 
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Trampling 1  8.88 51.96 <0.001  0.347 0.70 0.41 

Stations 4  1.85 10.80 <0.001  4.913 9.94 <0.001 

Trampling x Stations 4  2.18 12.79 <0.001  4.462 9.03 <0.001 

Residual 20  0.171    0.49   

   Ostracoda  Acari 

 df  MS F p  MS F p 

Trampling 1  26000 2.60 0.12  5.28 21.1 <0.001 

Stations 4  114000 11.35 <0.01  0.92 3.70 0.02 

Trampling x Stations 4  208000 20.81 <0.01  1.14 4.55 <0.01 

Residual 20  10010    0.25   

   Total meiofauna  Oligochaeta 

 df  MS F p  MS F p 

Trampling 1  7510000 68.77 <0.001  5.30 6.38 0.02 

Stations 4  1330000 12.14 <0.001  0.84 1.01 0.42 

Trampling x Stations 4  1330000 12.18 <0.001  0.97 1.17 0.35 

Residual 20  109318    0.83   

 

 

Table 3 illustrates the results of the a posteriori test (Fisher LSD) for the main 

meiofaunal groups that showed a significant interaction between the factors Trampling 

and Stations. The data in this table show that the effect of trampling led to different 

patterns of response among the meiofauna groups along the sampling stations on the 

reef. In spatial terms, we can highlight two groups of sampling stations according to the 

sharp differences observed in their patterns of responses to trampling: station I vs 

stations II to V. At station I, the total meiofauna (p=0.13) density and the densities of 
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the groups Acari (p=0.29), Copepoda Harpacticoida (p=0.3), Nauplii (p=0.08), 

Nematoda (p=0.52), and Turbellaria (p=0.85) did not show significant differences 

between the protected and trampled areas. Of the three groups that showed significant 

differences in this station, Ostracoda (p<0.01) and Tardigrada (p<0.01) had increases in 

their densities in the trampled area, and only the Polychaeta density (p<0.03) decreased 

in the trampled area of this station (Fig. 3). Considering the stations II to V, significant 

differences for most groups could be observed, and these differences were always 

expressed by density reductions in the trampled area (Table 3 and Fig. 3). 

 

TABLE 3. – Results of the Fisher LSD test (p) for densities of the main meiofaunal 

groups and total meiofauna at each sampling station that showed significant interactions 

(p<0.05) between factors Trampling and Stations (symbols: = differences not 

significant; ↑ significant increase; ↓ significant decrease). 

     Sampling stations 

Groups  I   II   III   IV   V 

Acari = 0.29  ↓ 0.02  = 0.15  ↓ <0.01  ↓ 0.01 

Harpacticoida = 0.36  ↓ <0.01  ↓ <0.01  ↓ <0.01  ↓ 0.01 

Nauplii = 0.08  ↓ <0.01  ↓ <0.01  ↓ <0.01  ↓ 0.01 

Nematoda = 0.52  = 0.48  ↓ <0.01  ↓ <0.01  ↓ <0.01 

Turbellaria = 0.85  ↓ <0.01  ↓ <0.01  ↓ <0.01  ↓ 0.04 

Polychaeta ↓ 0.03  = 0.2  ↓ <0.01  ↓ <0.01  ↓ 0.04 

Tardigrada ↑ <0.01  = 0.16  = 0.07  ↓ <0.01  ↓ 0.01 

Ostracoda ↑ <0.01  ↓ <0.01  ↓ <0.01  = 0.07  = 0.16 

Total  = 0.13  ↓ <0.01  ↓ <0.01  ↓ <0.01  ↓ 0.02 
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The analysis of covariance (ANCOVA) was performed to test whether the 

reduction in the density of total meiofauna was merely due to the reduction in weight of 

the substrate, using only the data from stations II to V which showed significant 

reductions of substrate. The test for parallelism of regression lines indicated no 

significant differences in the slopes (F(1;26)=0.925; p=0.348). In addition to the 

significant positive effect of substrate weight (F(1;27)= 9.66; p=0.005; R
2 

= 31.5%), the 

ANCOVA also detected even stronger significant differences in meiofauna density from 

the effect of trampling (F(1;27)= 34.39; p<0.001). 

The MDS analysis represented very well (stress = 0.04) the similarity matrix 

among meiofauna samples from both the protected and trampled areas at the five 

stations sampled (Fig. 4). This analysis indicated evident differences in the structure of 

the meiofauna assemblage (major groups) between protected and trampled areas, as well 

as marked differences among the five sampling stations. Moreover, the analysis showed 

that the trampled replicates of station I showed greater similarity to the full set of 

replicates of the protected area than to replicates taken in the trampled area. 
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FIG. 5. – MDS ordination of the meiofauna assemblage (major groups) collected at 

protected (circles) and trampled (diamonds) areas along the five (I-1 to V-5) sampling 

stations at Porto de Galinhas reefs, northeastern Brazil.     

 

The pattern illustrated in the MDS ordination was confirmed by ANOSIM. 

Highly significant differences in the structure of the meiofauna assemblage were 

detected between protected and trampled areas (Rglobal=0.815, p<0.001%, number of 

permutations = 10000) and between sampling stations (Rglobal=0.654, p<0.001%, 

number of permutations = 10000). 

 

DISCUSSION 

Several studies have investigated the effects of human trampling on hard-

substrate communities. However, the majority of these studies applied a manipulative 

experimental approach (Bally and Griffiths, 1989; Povey and Keough, 1991; Brosnan 

and Crumrine, 1994; Fletcher and Frid, 1996; Keough and Quinn, 1998; Schiel and 
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Taylor, 1999; Jenkins et al., 2002; Milazzo et al., 2002, 2004). Despite the different 

methodologies applied in these manipulative experiments, the results indicated that 

human trampling disturbance has a negative effect on the benthic communities of many 

geographical regions. In New Zealand, Brown and Taylor (1999) found a strong 

negative effect of trampling on total macrofauna densities, on some of macrofauna 

group densities, and on coralline algal turf dry weight and sand dry weight. On the east 

coast of the Asinara Island Marine Protected Area (Italy, Mediterranean Sea), Casu et 

al. (2006b) found a significantly higher abundance of some benthic animals in controls 

compared to experimentally trampled plots. Applying experimental trampling over a 

rocky-shore fauna dominated by Chthamalus bisinuatus (Cirripedia) and Isognomon 

bicolor (Bivalvia) on the coast of São Paulo (southeastern Brazil), Ferreira and Rosso 

(2009) suggested that this assemblage is sensitive to trampling. Studying macroalgal 

species within the integral reserve of the Ustica Island marine protected area (Italy, 

Mediterranean Sea),  Milazzo et al. (2002) found that the higher levels of disturbance 

caused by human trampling significantly affected both algal percentage cover and 

canopy, as well as its recovery (Milazzo et al., 2004). On the rocky shore of Praia Norte 

in Viana do Castelo (NW Portugal), Araújo et al. (2009) showed that experimental 

trampling negatively affected the macroalga Ascophyllum nodosum assemblage and also 

the subsequent temporal evolution of the assemblages. Finally, studying rocky intertidal 

algal assemblages, Keough and Quinn (1998) in Australia and Schiel and Taylor (1999) 

in New Zealand also demonstrated the strong negative effect of experimental trampling 

on Hormosira beds and associated organisms. 

Although the number of studies that have applied observational experiments to 

assess the effect of human trampling associated with tourism in coastal environments is 

growing, most of this work has not been performed on hard substrates (Andersen, 1995; 
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Fanini et al., 2005; Grunewald, 2006; Veloso et al., 2006; Kerbiriou, 2008; Hsu et al., 

2009). Unlike the manipulative experimental studies, those that aimed to assess the 

damage of human trampling by comparing areas open to visitors with protected (or 

little-used) areas of hard substrates have yielded conflicting results, which do not allow 

one to easily conclude that trampling has a negative impact on benthic communities. To 

assess the human trampling effect due to tourism, Casu et al. (2006a) compared the 

abundance of the fauna retained on mesh size >100 µm (macrofauna plus part of the 

meiofaunal organisms) associated with rocky-shore algae among two Marine Protected 

Areas and one area open to tourists, located on the east coast of Asinara Island 

(northwestern Mediterranean). In this study, Casu et al. (2006a) did not find differences 

among the abundances of taxa collected during the summer at the visited station (Cala 

Sabina) and the taxa sampled at the control stations (Cala Arena and Cala Sant‟Andrea). 

Batista et al. (2009), comparing the population structure of Microphrys bicornutus 

(Brachyura, Mithracidae) in the Halimeda opuntia (Halimedaceae) phytal in two reef 

areas in northeastern Brazil, Picãozinho (visited by tourists) and São Gonçalo (control 

area), did not find differences in algal biomass or the crustacean population parameters 

between the reefs. In contrast to these studies, at the Purbeck Marine Wildlife Reserve 

within the boundary of the Dorset and East Devon World Heritage Site on the south 

coast of the UK, Pinn and Rodgers (2005) investigated the influence of visitors on the 

intertidal biodiversity of macrobenthos at Kimmeridge Bay. The authors compared two 

rock ledges: Washing Ledge (a heavily visited site within the confines of the bay) and 

Yellow Ledge (a less-visited site to the east of the bay where relatively few visitors 

venture), and found differences in algae composition and limpet abundance between the 

ledges. Also, Van de Werfhorst and Pearse (2007) ranked three sites as undisturbed, 

severely, and intermediately disturbed based on the numbers of visitors on the rocky 
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intertidal platform adjacent to Natural Bridges State Beach, California. In this study, the 

authors clearly demonstrated that the density and distribution of people correlated 

positively with the proportion of bare rock, and negatively with species richness, 

species diversity, and abundance of mussels and rockweeds. Finally, studying mussel 

populations (Mytilus californianus) on the California coast, Smith et al. (2008) found 

that biomass, percent cover, and adult densities of mussels were significantly lower at 

the human high-use sites compared to the low-use sites. 

On the reefs of Porto de Galinhas, the trampling associated with tourism had a 

severe impact on the meiofauna and on most turf characteristics, thus enabling the 

acceptance of both initially proposed hypotheses. The analysis of similarity found a 

highly significant difference in the meiofauna assemblage between trampled and 

protected areas, due to the disturbance caused by human trampling. The variance 

analysis also demonstrated a clearly negative effect of trampling on the densities of the 

meiofaunal groups. Moreover, this analysis indicated for all groups, except Oligochaeta, 

the existence of a significant interaction between factors (trampling vs sampling 

stations), showing that natural differences in the study area were important in the 

assemblage responses to trampling.  

In previous studies of the effect of trampling on meio- and macrofauna, not all 

groups showed large reductions in their densities. In one of the few studies that included 

meiofauna (> 100 μm) of hard substrates, Casu et al. (2006b) found significantly higher 

abundances of Nematoda, Polychaeta, Ostracoda, Oligochaeta, Bivalvia, Acari, 

Amphipoda (caprellids), and Tanaidacea in controls than in experimentally trampled 

areas, whereas Copepoda Harpacticoida was not significantly affected by trampling. In 

the present study, Harpacticoida showed no significant difference due to trampling only 

at station I. However, at the other four stations, the density of Harpacticoida was 
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reduced by 64% due to trampling. Studying a macrofaunal assemblage, Brown and 

Taylor (1999) detected a strong negative effect of trampling on total animal densities, 

and statistically significant reductions in densities of Gastropoda, Polychaeta, and 

Ostracoda two days after experimental trampling ceased (Bivalvia and Nematoda also 

tended to be negatively affected by trampling). In contrast, densities of Amphipoda 

(gammarids), Actiniaria (anemones), and Isopoda were relatively unaffected by 

trampling.  

Among the major groups of invertebrates, Polychaeta have been shown to be 

very sensitive to human trampling. Applying a manipulative trampling experiment on 

macrofauna inhabiting coralline algal turf in northeastern New Zealand, Brown and 

Taylor (1999) found that Polychaeta appeared to be particularly vulnerable to trampling, 

with a substantial decline in density evident at the lowest trampling level. In this study, 

three months after trampling ended, Polychaeta was the only group that had not returned 

to the control levels. In another manipulative experimental study, Casu et al. (2006c) 

demonstrated that the Polychaeta assemblage in the Asinara Island MPA (NW 

Mediterranean) was highly vulnerable to experimental human trampling, which caused 

immediate declines in the total number of individuals and in some Polychaeta species, 

even at the lowest experimental level of trampling. In the present study, despite the non-

manipulative approach, the great trampling vulnerability of this group was confirmed. 

Polychaeta was the only group that consistently showed large reductions in their mean 

densities, with a 76% decrease in density in the trampled areas. 

It would be reasonable to expect an important impact of footsteps directly on the 

animals, crushing or breaking them and/or damaging their tegument or hard shells. 

However, there is no clear relationship between the direct effects of human trampling on 

the vulnerability of the taxa, based on their morphology (Brown and Taylor, 1999; Casu 
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et al., 2006b). Although there are several ways in which trampling may reduce densities 

of turf-dwelling animals, such as the direct effect of the crushing impact of footsteps, 

Brown and Taylor (1999) suggested that it is more likely that the effects of trampling on 

animal densities are indirect, through changes caused to the turf itself due to loss of 

plant tissue, not compression. In the study by Brown and Taylor (1999), the magnitude 

of the declines in these phytal physical variables (values at the highest trampling 

intensity were 41–53% of the controls) were comparable to the magnitude of the 

declines in abundance of the taxa most affected by trampling (37–54%). Therefore, they 

attributed the decrease in animal density to the reduction of available substrate biomass. 

In the present study, the magnitude of the reductions in density of the major 

meiofauna groups due to trampling (64 – 80%) was higher compared to the magnitude 

of reduction of the phytal substrate characteristics (56 – 59.5%). However, the analysis 

of covariance (ANCOVA) showed that after accounting for the significant effect of 

substrate loss, it was still possible to detect highly significant differences in meiofaunal 

density due to the effect of trampling. Here, the density decline of meiofauna was only 

partially related to the reduction in the biomass of available substrate. 

Compared to the data available in Brown and Taylor (1999), where remote-

video footage revealed average trampling rates of 90–430 footsteps/m
2
/2 h on the rocky 

shore of northeastern New Zealand, trampling occurs with greater intensity on the reefs 

of Porto de Galinhas.  

On the Porto de Galinhas coral reefs, all meiofauna groups were affected by 

human trampling. However, the responses of the groups to trampling varied according 

to the sampling station. Because the samples were collected at five stations distributed 

over the reef, these differences may be related to factors other than human use, such as 

temperature, exposure to wave activity, reef topography, or heterogeneity in the 
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distribution of turf species. Among these, the heterogeneity in the turf species 

distribution along the reef surface was identified as the main factor affecting variation. 

It is known that different species of algae may show different responses to 

human trampling. In a manipulative experimental study carried out within the „no-go 

zone‟ of the Ustica Island MPA, Milazzo et al. (2004) showed that algal turfs were 

more resistant than erect macroalgae to trampling disturbance. They demonstrated that 

the responses to trampling are species-specific and that algal susceptibility to damage 

by trampling is likely to depend on their morphology. In addition to demonstrating the 

different responses of different algal species to trampling, Schiel and Taylor (1999) also 

demonstrated the importance of recognizing the natural variations before applying the 

experimental treatment. In an intertidal algal assemblage in southern New Zealand, they 

showed that there were immediate and long-term effects of trampling, and that 

Hormosira was the most vulnerable alga to experimental trampling, due to the crushing 

and dislodgement of its fronds. Despite the strong treatment effect on turf and 

encrusting coralline algal cover, Schiel and Taylor (1999) showed that there was 

significant variation between transects and platforms because the “pre-treatment” 

natural variation remained. 

The turfs sampled at station I (trampled and protected areas) were formed 

exclusively by C. papillosus, while G. acerosa was the main species forming the turfs 

sampled at the other four stations. The ANOVAs and MDS indicated that meiofaunal 

groups inhabiting C. papillosus showed a different pattern of response to trampling. At 

the other stations, where G. acerosa dominated, the response pattern of the meiofauna 

groups was relatively homogeneous. 

The two algae species also showed different responses to trampling. For 

example, in the trampled area of station I, C. papillosus had the smallest reduction of 
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biomass (24.3%) compared to the other stations dominated by G. acerosa (59%). This 

could explain the absence of reductions in the density of most meiofaunal groups in the 

trampled area of this station. On the other hand, it does not explain the significant 

negative effect on Polychaeta, nor the large increase in densities of Ostracoda and 

Tardigrada. Although somewhat speculative, two non-exclusive alternative hypotheses 

are advanced that may explain these results. It is likely that the effect of human 

trampling on C. papillosus has reduced the density of some predator specializing in the 

groups Ostracoda and Tardigrada. Potentially, this group could be Polychaeta, which 

had their densities significantly reduced and whose family Syllidae, consisting of 

predators, is a frequent representative of this phytal habitat, comprising over 60% of 

polychaete individuals (Santos, PJP data not published). Another possible explanation 

involves the possible presence of very specialized genera within Tardigrada 

(Echiniscus) and Ostracoda (members of Xestoleberidae and Paradoxostomatidae) that, 

together with a few other meiofauna species, can feed directly on their phytal 

substratum by piercing the cells and sucking their cytoplasm (Giere, 2009). Trampling 

may damage Chondrophycus, and though it does not significantly reduce its biomass, 

this physical disturbance may expose the algae and extrude part of its cytoplasm, which 

may function as a chemical signal to attract the specialized herbivores.  

In this study, the different responses of the meiofauna groups in each alga 

species clearly increased the variability of the assemblage structure under trampling 

conditions. Applying an observational experimental approach, Casu et al. (2006a) 

stressed a high spatial variability and among all 15 taxa examined, only Amphipoda 

(caprellids) and Isopoda showed significantly different abundances among visited and 

control locations. The authors suggested that the tourist load exclusively concentrated 

during July and August did not have a negative effect on the zoobenthic assemblage, 
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with the level of trampling intensity and/or duration being insufficient to cause 

significant effects. They also suggested that for these taxa (Amphipoda and Isopoda), 

those differences were not likely to be due to tourist visitation, suggesting that natural 

factors, such as substrate type, algal assemblage composition, and biotic interactions 

among organisms, are likely to play a key role. Although it is possible that the number 

of tourists did not have a negative impact on this assemblage, the results presented here 

suggest that environmental variations inherent to the different locations of the stations 

in the study area of Casu et al. (2006a), such as those mentioned by the authors, 

prevented perception of a real effect due to trampling in the visited area. 

Van de Werfhorst and Pearse (2007), studying the rocky intertidal platform in 

Santa Cruz, California, where two earlier studies failed to find significant differences in 

the biota among sites despite the documented differences in human visitation, 

emphasized the importance of an appropriate sampling design. It was necessary to 

increase the statistical power of the analyses by minimizing sample variation among 

sites, in order to detect the differences that may be caused by disturbances such as 

human trampling. To enable the detection of significant differences in mussel 

populations (Mytilus californianus) at several sites on the California coast due to 

impacts from human visitors, Smith et al. (2008) applied, as was done here, a paired 

design to minimize site-to-site differences due to natural factors. 

The present study reconciles the results, predominantly very significant, of the 

negative effects caused by human trampling found by manipulative experimental 

studies, with the difficulty of observational studies in finding significant effects on the 

density of benthic animals due to human trampling. It is very likely that problems 

related to sampling design, in addition to problems related to the different pattern of 

responses of the groups according to the composition of the phytal habitat, may have 
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impeded or prevented previous studies from distinguishing the effect of trampling from 

that of natural variations. 

The use of the information at the level of major taxonomic groups, together with 

an appropriate sampling design, has proved to be a fast and efficient tool to assess the 

impact of trampling. Moreover, the results presented here demonstrate for the first time 

the relationship between the divergent patterns of response of meiofaunal invertebrates 

to human trampling, depending on the species composition of the phytal substrate. 

To assess the impact of human trampling on meiofauna, three main factors 

should be considered: that different algal species are differently affected by human 

trampling (Milazzo et al., 2002, 2004); that meiofaunal assemblages on different algal 

substrates may differ considerably (Hicks, 1977b; Frame et al., 2007); and finally, that 

the meiofauna assemblage may respond differently to the same source of disturbance 

depending on the differing characteristics of the algal habitats that they inhabit (this 

study).  

The negative impacts of trampling on major meiofauna taxa should draw 

attention to the possible effects of this human disturbance on other taxonomic or 

ecological groups, and also to its consequences for the ecological and economic 

"services" that coral reefs provide. 
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CAPÍTULO 2: 

TRAMPLING ON CORAL REEFS: TOURISM EFFECTS ON COPEPODA 

HARPACTICOIDA DIVERSITY 

 

INTRODUCTION  

Marine intertidal habitats are susceptible to different types of outdoor 

recreational activities such as sunbathing, fishing and collection of animals as baits, 

food or souvenirs (Contessa and Bird, 2004; Smith and Murray, 2005). Nevertheless, 

the human trampling is associated with most of these activities (Davenport and 

Davenport, 2006). Trampling disturbance is a common and growing phenomenon on 

many coastal ecosystems, so it can have a strong impact on the ecology of these habitats 

(Schiel and Taylor, 1999; Casu et al., 2006a; Araújo et al., 2009). In response to 

trampling disturbance, taxa that are sensitive can be killed or displaced, while the 

survival and proliferation of resistant taxa might be facilitated. As a result, there can be 

changes in assemblages and a shift in the ecological processes shaping the communities 

with, often, a decrease of biodiversity (Keough and Quinn, 1998).  

Trampling destructive effects have been documented in many different 

environments: terrestrial plants (Liddle, 1997), coastal vegetation (Kerbiriou et al., 

2008), dunes (Grunewald, 2006), sandy beaches (Lucrezi et al., 2009), on coral species 

(Rodgers and Cox, 2003), mudflats and mangroves (Dye, 2006; Rossi et al., 2007) and 

on seagrasses, algae, as well as on their associated fauna (Keough and Quinn, 1998; 

Schiel and Taylor, 1999; Brown and Taylor, 1999; Milazzo et al., 2004). 

The number of studies that evaluate the effect of trampling on biodiversity of 

macrobenthic organisms is increasing (Pinn and Rodgers, 2005; Rossi et al., 2007; Hsu 

et al., 2009; Sheehan et al., 2010). However, studies concerning meiofaunal groups are 
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still very few, and Nematoda have been hardly the only group assessed extensively 

(Gheskiere et al., 2005; Johnson et al., 2007). Furthermore, studies that aim to analyze 

the effect of human trampling on meiofauna of hard substrates are scarce (Casu et al., 

2006a), and for reef environments are nonexistent. 

Coral reefs are among the most prominent marine ecosystems of tropical Brazil. 

These reefs are distributed along 3000 km of the northeastern coast, and they include 

the southernmost coral reef communities of the Atlantic. The Brazilian coral reefs form 

structures significantly different from most of the well-known coral reef models in the 

world (Leão and Dominguez, 2000). In addition to the ecological importance of these 

unique reef ecosystems, they provide direct and indirect economic benefits related to 

fisheries and ecotourism (White et al., 2000). 

Uncontrolled urban development and unplanned tourism activities are 

responsible for different kinds of human impacts on the Brazilian coastal zone (Maida 

and Ferreira, 1997; Leão and Dominguez, 2000; Costa Jr. et al., 2008; Ferreira and 

Rosso, 2009). Although the development of these activities can be particularly rapid and 

poorly regulated in tropical countries, very little research has been conducted to assess 

the extent of these impacts. In the Brazilian Northeast region, the reef formations 

located at Porto de Galinhas Beach in the state of Pernambuco are one of the most 

important tourist destinations in the country. However, they are vulnerable ecosystems 

due to the ease of access, allowing thousands of people to disembark and walk freely 

across them at low tide (Alcantara et al., 2004). 

On the reef flat, hard substrate is dominated by zoanthids and thick turf-forming 

seaweeds (Maida and Ferreira, 1997), and here the meiofauna is one of the assemblages 

subjected to the effect of trampling in the reef phytal. Some phytal environments are 

considered “hot spots of meiofaunal production”, attaining values around 10 gC.m
−2

.y
−1
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(Giere, 2009). In phytal habitats meiofaunal animals are likely to be more abundant than 

macrofauna by at least an order of magnitude (Gibbons and Griffiths, 1986) with 

densities of up to 10
6
 individuals/m

2
 of turf coverage been not uncommon (Giere, 

2009). 

Among the groups of meiofauna, the Copepoda Order Harpacticoida is regularly 

the most abundant taxon in the phytal environment (Hicks, 1977a; Coull et al., 1983; 

Hall and Bell, 1993), with high diversity values (Hicks, 1985).The frequent epibenthic 

occurrence of harpacticoids makes them a preferred prey for many small, often juvenile 

demersal fishes, carnivorous crustaceans (shrimps and their larvae) and polychaetes. In 

sandy tidal flats, but also in coral reefs, harpacticoids play a decisive nutritional role for 

small fish such as gobiids (Coull, 1999; Giere, 2009). Derived from their preferred 

diatom food, harpacticoids have high fatty acid contents, which, in turn, seem to 

determine their nutritional value to fish (Coull, 1999). These metazoans are a key 

component of the coastal benthos, contributing significantly to energy transfer to higher 

trophic levels (Coull, 1988; Danovaro et al., 2007). Although meiofaunal organisms are 

usually scarce on bare reefs, valuable meiofaunal food is available in algal mats and 

represents an additional food source (Giere, 2009). So, it is likely that the removal of a 

substantial proportion of this fauna from the intertidal by trampling will have 

consequences for higher trophic levels. 

The present study aims to evaluate the effect of tourism associated human 

trampling on the phytal habitat and on the Copepoda Harpacticoida diversity and 

assemblage structure. This study was carried out on two areas on the reef formations 

located on the northeast of Brazil: an area that has been protected since 2004, and 

another area that is continuously open to visitors. The following hypotheses were tested: 

(1) trampling alters the phytal habitat by reducing the turf height, biomass and sand 
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content; and (2) trampling alters the Harpacticoida assemblage structure, reducing the 

density of the most representative species and promoting a decline on species richness. 

 

MATERIALS AND METHODS 

Study area 

Data were collected on February 25, 2009 on the reefs of Porto de Galinhas 

Beach. These formations have a total area of 0.42 km
2
, and are located between the 

coordinates 8º30‟26” to 8º30‟41” S, and 34º59‟52” to 34º59‟55” W (see Fig. 1 of 

Sarmento, 2011a). From November to March and in July, Porto de Galinhas receives up 

to 65000 visitors monthly. The assessment of trampling effects on phytal Harpacticoida 

was conducted on the reef visited by most tourism rafts (see Fig. 1 of Sarmento, 2011a). 

In this area, large numbers of tourists (up to 1020 people over one low-tide period) are 

taken daily by rafts for tours that last about 45 min (data from Porto de Galinhas 

Raftmen Assotiation). On this same reef, there are areas that have been permanently 

conserved since 2004 (between 2004 and 2009, 70% of the total reef area was 

protected). These areas are marked by buoys and ropes, and tourists are forbidden to 

enter. 

Data collection 

To investigate trampling impacts from human visitors, we selected five (I to V) 

paired groups of stations located along the reef surface following the limits between the 

two areas, with each pair having a station outside (I to V - Trampled) and within (I to V 

- Protected) the protected area. The paired design was used to minimize the station-to-

station variability due to factors other than human use, such as temperature, exposure to 

wave activity, reef topography or heterogeneity in the turf species distribution. Three 

replicate samples were collected per station.  
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Samples were taken using a corer to delimit a 10 cm
2
 area. Then, the turfs were 

collected by cutting the turf down to the reef surface using a metal scraper, to ensure 

that all turf and underlying sediment were removed. Meiofauna samples were preserved 

in 4% formalin in seawater in the field, and taken to the laboratory. During the 

sampling, turf height was obtained for each replicate by measuring them close to the 

sample core area, using a caliper (precision 0.1 mm) inserted to the reef surface and the 

temperature inside the turf were measure using a thermometer. To obtain the percentage 

of algal coverage in the two study areas, photographs of the sampling stations were 

taken. Photo-quadrats of 0.27 m
2
 (0.45x0.60 m) were analyzed by examination of points 

in a grid with 100 intersections; the percent cover was equal to the number of points 

lying over algae.   

In four different locations of the area open to visitors, digital videos were taken 

during low tide. The analysis of 5 min videos of 4 m
2
 areas at each location was used to 

assess the average trampling rate (estimated as the number of steps per square meter for 

a period of 2 h) that the turfs received during the peak tourist season in 2009. 

In the laboratory, the meiofauna was extracted by manual elutriation with 

filtered water through geological sieves with mesh sizes of 0.5 mm and 0.063 mm. 

Under a Leica EZ4 stereomicroscope, the first twenty-five individuals of Copepoda 

Harpacticoida were selected from each replicate and placed in Eppendorf tubes with 

70% alcohol. The identification of Copepoda Harpacticoida was done under optical 

microscope (Leica DM 2500) following the taxonomic keys of Lang (1948, 1965), 

Huys et al. (1996) and Wells (2007) as well as publications with specific descriptions. 

The algae species were identified for each replicate. After fauna extraction, the 

algal biomass and the sand content were assessed per replicate. Sand and turf were dried 

separately to constant weight at 60ºC and weighed to the nearest 0.1 mg. Before drying, 
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the proportions of the main algae species were evaluated visually, using the following 

classes: ~5%, ~10%, ~25%, ~50%, ~75%, ~90%, ~95%, ~100%. 

Statistical analysis  

Permutational multivariate analyses of variance (PERMANOVA) (Anderson 

2001; McArdle and Anderson, 2001) based on Bray-Curtis dissimilarities on natural 

logarithm of (X+1) transformed data was used to detect if significant changes in the 

structure of the Harpacticoida assemblage occur between protected and trampled areas 

and among the five sampling stations. Two fixed factors were utilized for 

PERMANOVA: Trampling and Stations. The Monte Carlo asymptotic P-values were 

used. For all analyses 9999 random permutations were tested. Pair-wise a posteriori 

comparisons (the multivariate version of the t-statistic) were realized when the 

Interaction between factors was significant. Multi-Dimensional Scaling (MDS) was 

used to represent the Bray-Curtis matrix graphically in a two-axis space. SIMPER 

analysis was applied to determine which species were responsible for the dissimilarities 

between trampled and protected areas. 

Two-way analysis of variance (ANOVA) was used to examine the effects of 

trampling on the physical characteristics of the turf: algal biomass, sediment content and 

turf height between the two areas and among the five sampling stations. This same 

analysis was used to examine the trampling effect on densities of total Harpacticoida 

and on the densities of the species with more than 2% of total abundance. The 

heterogeneity of variances was verified with the Bartlett test, and the data were 

transformed to natural logarithm of (X+1) prior to analysis if necessary. The Fisher 

LSD test was used for a posteriori comparison when the interaction between factors 

was significant.  
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The relationship between turf height and temperature was accessed by 

exploratory linear and non-linear regression analysis. The best model was chosen 

considering the higher R-squared (adjusted or degrees of freedom) among the tested 

models.    

The number of species or species richness of the two investigated areas was 

adopted as the measure of diversity (Magurran, 2004). Species accumulations curves 

and the richness estimator Chao 2 of the two areas (protected and trampled) were 

generated. The recommendation that around 200-500 individuals are needed for a 

reasonable estimate of diversity (Magurran, 2004) was followed, thus data were 

gathered so that more than 300 individuals were considered for each area. The observed 

species number and Chao 2 estimates were compared between areas using a t-test.   

To detect if differences in total Harpacticoida density between protected and 

trampled areas could be related only to the amount of substrate available, a covariance 

analysis (ANCOVA) was performed. In this analysis, trampling was considered as the 

single factor, total Harpacticoida density (in 10 cm
2
) as the dependent variable, and total 

substrate weight as the co-variable. The substrate weight was obtained from the sum of 

dry sediment weight and algae wet weight. The heterogeneity of variances of the 

variables total Harpacticoida density and substrate weight was verified with the Bartlett 

test, and the null hypothesis of the parallelism of the regression lines was tested.  The 

significance of the effect of total substrate weight on total Harpacticoida density was 

also calculated. 

To detect non-random distributions of species (indicator species) between 

trampled and protected areas the Indicator Species Analysis developed by Dufrêne and 

Legendre (1997) was used. A species is an indicator when it characterizes a group of 

sites; it is found mostly in a single group and is present in the majority of the sites 
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belonging to that group (Dufrêne & Legendre 1997). This asymmetrical approach is 

analyzed on the basis of a prior partition of areas and is based on an indicator value 

index (IndVal). The IndVal coefficient combines both the species relative abundance 

(specificity) with its relative frequency of occurrence (fidelity) in a defined group of 

areas. The statistical significance of the species indicator values was evaluated using the 

Monte Carlo test (permutation number =1000). 

MDS, SIMPER and Species Accumulation Curves were applied using the 

software Primer
®
 v.6 (Plymouth Routines in Multivariate Ecological Researches). The 

two-way ANOVAs and ANCOVA were calculated using the software STATISTICA 

7.0. PERMANOVAs were done using the software PERMANOVA v.1.6. The 

calculation of IndVal values was performed using the software PC-ORD 4.0. T-tests 

were performed using the software BioEstat 5.0.  

The level of significance was set at p < 0.05 for all analyses. Parametric 

statistical analysis followed Zar (1996). 

 

RESULTS 

Phytal habitats 

The algae turfs showed a heterogeneous distribution along the reef. At station I 

(trampled and protected areas), the turfs were formed exclusively by C. papillosus, 

while G. acerosa was the main species (>75%) forming the turfs sampled at the other 

four stations (stations II to V in the trampled and protected areas). The analysis of the 

remote videos revealed that Porto de Galinhas reefs open to touristic visitation received 

a mean trampling rate of 620 footsteps/m
2
/2 h (standard deviation=228 footsteps/m

2
/2 

h) with maximum and minimum values of 855 and 337 footsteps/m
2
/2 h respectively. 
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Inside the turfs the average temperature was 35ºC, ranging from 32.5 to 37ºC. 

Reef temperature (T in °C) variation was clearly affected by turf height (H in cm) 

following a quadratic model [T=35.5513 + 0.9305(lnH) - 1.7210(lnH)
2
, R

2
adj=43,6%; 

F(2,17)=8.34; p<0.01] with heights around 1.3 cm promoting higher temperatures. 

Differences of turf height among protected and trampled stations may attain more than 

1°C during low tides. 

The effect of human trampling on the physical characteristics of the phytal 

substrate is illustrated in figure 1. The two-way ANOVA results (Table 1) indicated that 

Turf height was significantly different for the factors Trampling, Stations, and also for 

the interaction between these factors. Algal dry weight was highly significant for the 

factors Trampling and Stations, and also for the interactions between the two factors. 

Sediment dry weight associated with the turf also showed highly significant results for 

the factors Trampling and Stations, presented average reductions by 54% in the 

trampled area, but was not significant for the interaction between factors (Table 1). 

Although the turf height showed significant interaction between factors, the a posteriori 

test (Fisher LSD) indicated that the turf height was lower (p<0.01) in the trampled area 

when compared to the protected area at all five sampling stations. Considering the 

variable turf weight, stations I (p=0.49) and II (p=0.06) did not show significant 

reductions between trampled and protected areas, while in the other stations the turf 

weight was significantly reduced in the trampled area (p<0.01).  
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FIG. 1. – Physical characteristics of the phytal substrate (sediment content, turf weight 

and height) in the protected and trampled areas of five sampling stations (I to V) at 

Porto de Galinhas in northeastern Brazil. Bars represent means of three replicates ± 95% 

Confidence Intervals. 

 

TABLE 1. – Analysis of variance (two-way ANOVA) results for the physical 

characteristics of the phytal substrate at Porto de Galinhas reef in northeastern Brazil. 

(df= degrees of freedom; MS: mean square). Significant F values in bold. 

Factors   Turf height  Algal biomass 

 df  MS F p  MS F p 

Trampling 1  5.55 79.4 <0.001  0.42 77.6 <0.001 

Stations 4  0.25 3.63 0.02  0.05 8.86 <0.001 

Trampling x Stations 4  0.20 2.90 0.04  0.04 8.36 <0.001 

Residual 20  0.07    0.005   

   Sediment content  Algal coverage 



42 

 

 df  MS F p  MS F p 

Trampling 1  7.29 19.0 <0.001  0.023 1.69 0.207 

Stations 4  10.3 27.0 <0.001  0.018 1.31 0.29 

Trampling x Stations 4  0.58 1.53 0.23  0.007 0.51 0.73 

Residual 20  0.38    0.014   

 

Copepoda Harpacticoida assemblage 

Univariate patterns 

A total of 765 individuals of Harpacticoida copepods were analyzed, 87.3% of 

which were identified at species level. The remaining 12.7% were copepodites, 

malformed or broken animals, for which the determination of species was not possible. 

Sixteen families, thirty-four genera and forty-three different species were recorded for 

the phytal environment of Porto de Galinhas reefs (Table 2). 

The species compositions of the two areas were found to be similar as shown by 

the proportion of co-occurring species (27 of a total of 43 species). The protected area 

presented a higher richness (37) and number of exclusive species (10), compared with 

the trampled area that had a total of 33 species and 6 exclusive species. However, these 

exclusive species in both areas were considered rare once they showed a very low 

frequency of occurrence (10% of all replicates at each area).     

The dominant families in the study area were Miraciidae (36.7%), 

Parastenheliidae (17.9%), Laophontidae (10%) and Ameiridae (7.9%). Miraciidae had 

the highest number of species. The species with higher densities were Parastenhelia 

spinosa (17.9%), Amphiascoides aff. bulbiseta (9.17%), Ameira parvula (7.48%), 

Amphiascopsis cinctus (6.08%), Robertsonia knoxi (5.48%), Paramphiascella sp 

(5.34%), Harpacticus sp (5.32%) and Paralaophonte congenera (5.06%). 
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TABLE 2. – List of Copepoda Harpacticoida species identified in the phytal environment 

of Porto de Galinhas reefs. 

Order Harpacticoida Sars, 1903  

Suborder Polyarthra Lang, 1944 Family Ameiridae Boeck, 1865 

Family Longipediidae Boeck, 1865 Subfamily Ameirinae Boeck, 1865 

Longipedia sp Ameira parvula (Claus,1866) 

Suborder Oligoarthra Lang, 1944 Psyllocamptus sp1 

Family Miraciidae Dana, 1846 Psyllocamptus sp2 

Subfamily Diosaccinae Sars, 1906 Family Canthocamptidae Brady, 1880 

Amphiascus (pacificus) sp Subfamily Canthocamptinae Brady, 1880  

Amonardia sp Mesochra sp 

Amphiascoides aff. bulbiseta Pallares, 1975 Mesochra cf. pygmaea (Claus, 1863) 

Amphiascopsis cinctus (Claus, 1866) Nannomesochra sp 

Diosaccus sp Family Dactylopusiidae Lang, 1936 

Paramphiascella sp Dactylopusia tisboides Claus, 1863 

Robertsonia knoxi (Thompson & A. Scott, 1903) Paradactylopodia cf. brevicornis (Claus, 1866) 

Robertsonia mourei Nogueira, 1961 Family Harpacticidae Dana, 1846 

Rhyncholagena sp Harpacticus sp 

Typhlamphiascus sp Zausodes sp 

Subfamily Stenheliinae Brady, 1880 Family Ectinosomatidae Sars, 1903 

Melima sp Ectinosoma sp1 

Melima cf. indica (Krishnaswamy, 1957) Ectinosoma sp2 

Family Laophontidae T. Scott, 1905 Family Orthopsyllidae Huys, 1990 

Subfamily Laophontinae T. Scott, 1905 Orthopsyllus sp1 

Heterolaophonte campbelliensis (Lang, 1934) Orthopsyllus sp2 

Laophonte parvula Sars, 1908 Family Pseudotachidiidae Lang, 1936 

Laophonte cornuta Philippi, 1840 Subfamily Pseudotachidiinae Lang, 1936 

Loureirophonte sp Idomene sp 

Paralaophonte cf. brevirostris (Claus, 1863) Family Parastenheliidae Lang, 1936 

Paralaophonte congenera (Sars, 1908) Parastenhelia spinosa Fischer, 1860 

Subfamily Esolinae Huys & Lee, 2000 Family Louriniidae Monard, 1927 

Esola vervoorti Huys & Lee, 2000 Lourinia armata Claus, 1866 

Family Metidae Boeck, 1873 Family Cletodidae T. Scott, 1905 

Metis sp Cletodes sp 

Laubieria sp Family Normanellidae Lang, 1944 

Family Peltidiidae Claus, 1860 Normanella sp 

Subfamily Peltidiinae Claus, 1860  

Alteutha sp Harpacticoida sp 
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 In the protected area the dominant species were Parastenhelia spinosa (20.5%), 

Amphiascoides aff. bulbiseta (10.7%), Ameira parvula (7.4%), Robertsonia knoxi 

(6.2%), Harpacticus sp (5.7%), Paramphiascella sp (5.5%) and Robertsonia mourei 

(5.1%). In the area under trampling disturbance, the main species were Amphiascopsis 

cinctus (12.6%), Parastenhelia spinosa (11.8%), Ameira parvula (7.6%), 

Paralaophonte congenera (7.2%), Amphiascoides aff. bulbiseta (5.7%) and 

Paradactylopodia cf. brevicornis (5.6%). 

Total Harpacticoida  densities presented a mean of 530 individuals/10 cm
2
 for 

the protected area (minimum 154 individuals/10 cm
2
 at station V and maximum 889 

individuals/10 cm
2
 at station II) and 235 individuals/10 cm

2
 for the trampled area 

(minimum 51 individuals/10 cm
2
 at station V and maximum 637 individuals/10 cm

2
 at 

station I). The effects of trampling on the densities of total Harpacticoida, as well as on 

the most abundant species at the five sampling stations are shown in Figure 2. 

The two-way ANOVA results (Table 3) indicated that densities of total 

Harpacticoida and of the species Amphiascopsis cinctus and Ameira parvula showed 

significant interactions between the factors Trampling (trampled vs protected area) and 

Stations. The species Amphiascoides aff. bulbiseta, Cletodes sp, Melima sp, 

Orthopsyllus sp1, Parastenhelia spinosa and Robertsonia knoxi were sensitive to factor 

Trampling with reductions in their densities in the trampled area (Fig. 2). On the other 

hand, the species Harpacticus sp, Mesochra sp, Paradactylopodia cf. brevicornis, 

Paralaophonte congenera, Paramphiascella sp and Robertsonia mourei were not 

sensitive to trampling or interaction (p>0.05 for all). 

 

 



45 

 

 

FIG. 2. – Densities of total Harpacticoida and of the most representative species 

(individuals/10 cm
2
) for protected (white bars) and trampled (black bars) areas at the 

five sampling stations (I to V) at Porto de Galinhas in northeastern Brazil. Bars 

represent mean of three replicates ± 95% Confidence Intervals. 
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TABLE 3. – Analysis of variance (two-way ANOVA) results for densities of the main 

species of Copepoda Harpacticoida at Porto de Galinhas reef in northeastern Brazil. 

(Degrees of freedom: Trampling=1; Stations=4; interaction=4; residual=20). Significant 

F values in bold. 

Species Trampling  Stations  Interaction 

 F p  F p  F p 

A. cinctus 0.12 0.7  0.7 0.5  3.45 0.02 

A. parvula 0.02 0.8  2.32 0.09  2.97 0.04 

A. aff. bulbiseta 5.00 0.03  1.29 0.3  0.86 0.5 

Cletodes sp 15.1 <0.01  1.06 0.4  1.06 0.4 

Harpacticus sp 0.97 0.3  0.95 0.4  2.69 0.06 

Melima sp 5.79 0.02  1.59 0.2  0.59 0.67 

Mesochra sp 1.37 0.2  1.07 0.39  0.88 0.48 

Orthopsyllus sp1 9.57 <0.01  0.7 0.5  1.67 0.19 

P. congenera 0.23 0.63  1.83 0.16  1.6 0.21 

P. spinosa 5.6 0.028  4.8 <0.01  1.08 0.39 

P.cf. brevicornis 0.02 0.8  1.04 0.4  0.08 0.98 

Paramphiascella sp 1.02 0.3  2.79 0.054  2.65 0.06 

R. knoxi 22.8 <0.01  3.95 0.016  1.8 0.16 

R. mourei 1.13 0.29  4.07 0.01  1.77 0.17 

Harpacticoida 48.5 <0.01  13.0 <0.01  3.16 0.03 

 

 

The results of the a posteriori test (Fisher LSD) for the species that showed a 

significant interaction between the factors Trampling and Stations showed that the 

effect of trampling led to different patterns of response among the species and total 

Harpacticoida. Considering only the station I, total Copepoda Harpacticoida density 

(p=0.3) did not show significant differences between the protected and trampled area, 

while, the species Ameira parvula (p=0.03) had a significant reduction on their density 
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on the trampled area. On the other hand, the species  Amphiascopsis cinctus  (p=0.02) 

had an increase in their density in the trampled area of station I. Considering the other 

stations, density of total Harpacticoida (p<0.05) showed significant reductions in the 

trampled area of the stations II to V, the species Ameira parvula (p>0.05) did not show 

significant differences between areas and Amphiascopsis cinctus (p=0.01) had its 

density reduced in the trampled area only at station III. 

The species that were sensitive to factor Trampling showed strong reductions in 

their densities in the trampled area: Amphiascoides aff. bulbiseta  (74.4%), Cletodes sp 

(80%), Melima sp (78.5%), Orthopsyllus sp1 (67.6%), Parastenhelia spinosa (50.9%) 

and Robertsonia knoxi (67.4%). For species that showed significant interaction between 

factors it should be highlighted that Ameira parvula had its density reduced by 88.5% in 

the trampled area of station I, while Amphiascopsis cinctus had its density increased by 

900% in the trampled area of this station. 

The observed species accumulation curves and Chao 2 accumulation curves for 

both areas (protected and trampled) are ilustrated in figure 3. The prediction of  the 

richness estimator Chao 2 for the protected area was 43.7 species and for the trampled 

area 37 species. The t-test results for the number of observed species (t= 13.97; p<0.01) 

and Chao 2 estimate (t=3.6; p<0.01) indicated that the protected area has a significatly 

higher species richness when compared with the trampled area.   
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FIG. 3. – Species accumulation curves. Observed species (S) and richness estimator 

(Chao 2) for both areas (protected and trampled) at Porto de Galinhas reefs, northeastern 

Brazil. 

 

The analysis of covariance (ANCOVA) was performed to test whether the 

reduction in the density of total Harpacticoida was merely due to the reduction in 

weight of the substrate, using the data from stations II to V which showed significant 

reductions of substrate/density. The test for parallelism of regression lines indicated no 

significant differences in the slopes (F(1;26)=1.42; p=0.24). In addition to the significant 

positive effect of substrate weight (F(1;27)= 35.43; p<0.001; R
2 

= 62.8%), the ANCOVA 

also detected strong significant differences in Harpacticoida density due to the effect of 

trampling (F(1;27)= 11.15; p=0.003). 

 

Multivariate patterns 

MDS analyses indicated evident differences in the structure of the Copepoda 

Harpacticoida assemblage between protected and trampled areas, as well as marked 

differences among the five sampling stations (Fig. 4). However, the replicates of station 
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one at the trampled area had higher similarity with not trampled replicates, and the 

replicates of station five of preserved area had higher similarity with the impacted area. 

The pattern illustrated in the MDS ordination was confirmed by PERMANOVA. 

Significant differences in the structure of the Harpacticoida assemblage were detected 

between protected and trampled areas, among sampling stations and also for the 

Interaction between these two factors (table 4). 

    

TABLE 4. – Results of PERMANOVA for meiofauna assemblage structure between the 

two areas (protected and trampled ) and among the five sampling stations. (df = degrees 

of freedom; SS = Sum of squares; MS = mean squares) Significant (p<0.05) F values in 

bold. 

Factors/Source df SS MS F P 

Trampling 1 133512.93 133512.93 9.2 <0.01 

Station 4 248659.33 62164.83 4.28 <0.01 

Trampling x Station 4 245077.06 61269.26 4.22 <0.01 

Residual 20 290494.33 14524.71   

Total 29 917743.66    
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FIG. 4. – MDS ordination of the Copepoda Harpacticoida assemblage (species level) 

collected at protected (diamonds) and trampled (circles) areas along the five (I to V) 

sampling stations at Porto de Galinhas reefs, northeastern Brazil. 

 

Table 5 indicates that changes on the structure of Harpacticoida assemblage 

between the protected and trampled areas were significant only at stations I and IV.  

 

TABLE 5. – Results of pairwise t-tests for differences in Harpacticoida assemblage 

structure between protected and trampled areas for each one of the five sample stations. 

Significant values in bold. 

Stations t Monte Carlo P-values 

I 3.77 0.02 

II 1.12 0.34 

III 2.38 0.06 

IV 4.10 0.01 

V 1.27 0.28 



51 

 

Table 6 displays the results of the SIMPER analysis, revealing that the species 

contributing most to the dissimilarity among replicates between protected vs trampled 

areas were Parastenhelia spinosa, Amphiascoides aff. bulbiseta, Harpacticus sp, 

Robertsonia mourei, Ameira parvula, Amphiascopsis cinctus, Orthopsyllus sp1 and 

Robertsonia knoxi. 

 

TABLE 6. – Results of SIMPER analysis for dissimilarity between protected (P) and 

trampled (T) areas. Av. abund. - average abundance; Av. diss. -  average dissimilarity; 

Contrib.% - species percentage of contribution to average dissimilarity.; Cum.% - 

cumulative percentage of contribution to average dissimilarity. 

Av. diss. = 76.16 

Species 

Av. abund. 

protected 

Av. abund. 

trampled 

Av. diss. 

P x T 

Contrib. 

% 

Cum. 

% 

Parastenhelia spinosa 109.02 27.90 10.20 13.39 13.39 

A. aff. bulbiseta 56.66 13.51 5.84 7.67 21.06 

Harpacticus sp 30.66 10.07 4.71 6.19 27.24 

Robertsonia mourei 27.17 7.86 4.59 6.03 33.28 

Ameira parvula 39.32 17.95 4.49 5.90 39.17 

Amphiascopsis cinctus 16.88 29.66 4.49 5.89 45.06 

Orthopsyllus sp1 20.18 3.59 3.48 4.57 49.63 

Robertsonia knoxi 32.90 9.04 3.41 4.48 54.11 

Paramphiascella sp 29.22 11.68 3.01 3.95 58.06 

P. congenera 21.79 16.91 2.88 3.78 61.84 

Melima cf. indica 10.50 6.29 2.54 3.34 65.18 

Mesochra sp 14.55 8.09 2.34 3.07 68.25 

P. cf. brevicornis 16.22 13.19 2.33 3.06 71.31 

Cletodes sp 13.34 0.0 2.17 2.85 74.16 

Esola vervoorti 10.00 2.98 2.07 2.72 76.88 

Melima sp 16.17 0.79 2.00 2.63 79.51 

Harpacticoida sp 8.76 3.40 1.63 2.13 81.64 
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Indicator species 

The protected area was represented by six significant indicator (characteristic) 

species. Indicator Values (IndVal) of more than 50% were found for most species: 

Parastenhelia spinosa (IndVal=69%; p=0.03), Robertsonia knoxi (IndVal=68%; 

p=0.01), Amphiascoides aff. bulbiseta (IndVal=64.6%; p=0.02), Cletodes sp 

(IndVal=53%; p=0.002), Orthopsyllus sp1 (IndVal=50.9; p=0.01) and Melima sp 

(IndVal=38%; p=0.02). Some species were significantly indicators of the protected area 

only at one station, as was the case of Ameira parvula (IndVal=52.7%; p=0.003) and 

Paramphiascella sp (IndVal=39.8%; p=0.02) at station I and of Robertsonia mourei 

(IndVal=54.7%; p=0.01) and Melima cf. indica (IndVal=42.3%; p=0.02) at station IV. 

Fewer species were indicators of the trampled area and none for all stations. 

Heterolaophonte campbelliensis (IndVal= 100%; p=0.006) and Amphiascopsis cinctus 

(IndVal=52.2%; p=0.02) were indicators of the trampled area only at station I. 

The Indicator Species Analysis allowed to highlight four distinct groups of 

species: 1- abundant species with similar fidelity (or relative frequency) between areas 

trampled and protected but with high specificity (or relative abundance) for one area: 

Parastenhelia spinosa, Amphiascoides aff. bulbiseta and Robertsonia knoxi; 2 - 

abundant species with similar fidelity between areas but high specificity for only one of 

the sampling stations: Ameira parvula, Amphiascopsis cinctus, Paramphiascella sp and 

Robertsonia mourei; 3 - rare species with high fidelity and specificity only on one area: 

Orthopsyllus sp1, Melima sp and Cletodes sp; 4 - rare species with high fidelity and 

specificity for only one sampling station: Heterolaophonte campbelliensis and Melima 

cf. indica. 
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DISCUSSION 

Human trampling effect on habitat and Harpacticoida assemblage 

This study has shown that human trampling modified the habitat and the 

harpacticoid diversity and assemblage structure. The tourism related disturbance had a 

negative effect on the harpacticoids phytal habitat by altering its characteristics directly 

and indirectly. Directly, trampling was responsible for biomass loss expressed in the 

decrease of algae dry weight, turf height and sediment content. The direct effect thus 

reduced the amount of suitable space for harpacticoids and other meiofaunal groups.  

The effect of trampling on the algae turfs height indirectly led to changes in temperature 

variation within the turfs. The effects of temperature on reproduction and development 

of harpacticoids are well supported in the literature (e.g. Matias-Peralta et al., 2005; 

Santos et al., 1999) and recent field studies on phytal harpacticoid assemblage (Song et 

al., 2010) and harpacticoid population dynamics (Santos et al., 2003) demonstrated that 

species-specific population parameters (e.g. maximum densities, body length, breeding 

activities, sex and ovigerous female ratios and number of eggs) were found to be 

significantly correlated with temperature. Considering this overwhelming control of 

temperature over reproductive and growth parameters of harpacticoid copepods the 

indirect effect of trampling on temperature may cause important variations between 

areas on the population dynamics of these animals.  

The algae turf covering Porto de Galinhas reefs presented a clear patchy spatial 

pattern of distribution on the reef surface with Gelidiella acerosa dominating the turf at 

most stations and Chondrophycus papillosus being the single species at station I, these 

algae also showed different responses to trampling disturbance. In the trampled area of 

station I the turf composed exclusively by C. papillosus presented the smallest reduction 
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of biomass (24.3%) compared to the protected area, however, at the other stations 

dominated by G. acerosa a greater reduction (59%) was observed.  

Other studies also demonstrated that morphological and structural differences 

between species of algae may induce different responses to human trampling as 

occurred in the present study. In a manipulative experimental study carried out within 

the „no-go zone‟ of the Ustica Island MPA, Milazzo et al. (2004) showed that algal turfs 

were more resistant than erect macroalgae to trampling disturbance. They demonstrated 

that the responses to trampling are species-specific and that algal susceptibility to 

damage by trampling is likely to depend on their morphology. In southern New 

Zealand, Schiel and Taylor (1999) showed that despite a strong treatment effect on both 

turf and encrusting coralline algal cover, Hormosira was the most vulnerable alga to 

experimental trampling in the assemblage due to the crushing and dislodgement of its 

fronds.  

Besides substrate modifications, human trampling had also a severe impact on 

Harpacticoida density. At Porto de Galinhas reefs only at station I did harpacticoid total 

density not show a significant difference due to trampling (despite a decrease of 27% in 

average density). At the other stations, trampling resulted in an average reduction of 

64% of harpacticoid densities. A negative effect of trampling on the densities of the 

most representative species of Harpacticoida was also clearly demonstrated. Moreover, 

multivariate analysis found important differences in the Harpacticoida assemblage 

structure between trampled and protected areas.  

There are few studies concerning the effects of human trampling on small phytal 

dwelling-animals. In one of the few studies that evaluate the effect of trampling 

associated with tourism in an observational experiment on small invertebrates, Casu et 

al. (2006a) compared the assemblage at a visited location with those of two locations 
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where humans were excluded on the east coast of the Marine Protected Area (MPA) of 

the Asinara Island (North-Western Mediterranean). Authors did not found any 

significant difference among visited and control locations in the abundance of all taxa 

analyzed (including Copepoda Harpacticoida) during the summer. 

In the present study, the different responses of the Harpacticoida species among 

stations clearly demonstrates that important variations of the assemblage structure under 

trampling conditions can occur. Natural differences among the sampling stations were 

indicated within the ANOVA results by significant interactions between the factors 

Station and Treatment. 

The absence of response of Harpacticoida to human trampling on previous 

observational experiments may be related to "pre-treatment" natural heterogeneity in the 

study areas. In the observational experimental approach applied by Casu et al. (2006a), 

the authors stressed a high spatial variability for all 15 taxa examined. The authors 

suggested that the tourist load exclusively concentrated during July and August did not 

have a negative effect on the zoobenthic assemblage, with the level of trampling 

intensity and/or duration being insufficient to cause significant effects. The authors 

argue that differences found for two taxa (Amphipoda and Isopoda) were not likely to 

be due to tourist visitation, suggesting that natural factors, such as substrate type, algal 

assemblage composition, and biotic interactions among organisms, are likely to play a 

key role. Although it is possible that the number of tourists did not have a negative 

impact on the assemblage studied by Casu et al. (2006a), the present results for 

Copepoda Harpacticoida suggest that environmental variations inherent to the different 

locations of the stations in the study area such as those mentioned by Casu et al. (2006a) 

may have prevented the detection of a significant effect due to trampling in the visited 

area.  
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The importance of identifying natural variations among studies sites in order to 

separate effects involving trampling to those that presumable represent natural variation 

was highlighted by Keough and Quinn (1998). In southeastern Australia the authors 

detected striking spatial variation in the percentage cover of Hormosira banksii and 

other algae species prior to experiment. The authors found it very helpful to analyze the 

community trampling responses considering these a priori differences and suggested 

that variation in disturbance response was determined by habitat variation at larger 

spatial scale. To enable the detection of significant differences in mussel populations 

(Mytilus californianus) at several sites along the California coast due to impacts from 

human visitors, Smith et al. (2008) applied, as was done here, a paired design to 

minimize site-to-site differences due to natural factors. 

The present study reconciles the results predominantly significant of the 

negative effects caused by human trampling found by manipulative experimental 

studies in alga-dwelling animals (e.g. Brown and Taylor, 1999), with the difficulty of 

observational studies in finding significant effects on the density of benthic animals due 

to trampling (e.g. Casu et al., 2006a). It is very likely that problems related to sampling 

design and especially to the different response patterns of the studied assemblage 

according to the composition of the phytal habitat, may have impeded or prevented 

previous studies from distinguishing the effect of trampling from that of natural 

variations. 

Although it is possible to hypothesize several ways in which trampling may 

reduce densities of turf-dwelling animals, such as the direct effect of the crushing or 

breaking impact of footsteps damaging their tegument or hard shells, Brown and Taylor 

(1999) suggested that it is more likely that the effects of trampling on animal densities 

are indirect, through changes caused to the turf itself due to loss of plant tissue, not 
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compression. In their study the average magnitude of the declines in the phytal physical 

variables (values at the highest trampling intensity were 41–53% of the controls) were 

comparable to the magnitude of the declines in abundance of the taxa most affected by 

trampling (37–54%). Therefore, they attributed the decrease in macrofauna density to 

the reduction of available substrate biomass. 

In the present study, the magnitude of the reduction of the meiofaunal Copepoda 

Harpacticoida due to trampling (64%) was only slightly higher compared to the 

magnitude of reduction of the phytal substrate characteristics (56 – 59.5%). However, 

the analysis of covariance (ANCOVA) showed that after accounting for the significant 

effect of substrate loss, it was still possible to detect highly significant differences in 

total Harpacticoida density due to the effect of trampling. Compared to the data 

available in Brown and Taylor (1999), where remote-video footage revealed average 

trampling rates of 90–430 footsteps/m
2
/2 h on the rocky shore of northeastern New 

Zealand, trampling occurs with greater intensity on the reefs of Porto de Galinhas. 

If the main effect of trampling on harpacticoids was due only to habitat loss, one 

would not expect major changes in the structure of the assemblage. However, important 

changes in assemblage structure were denoted by MDS and PERMANOVA.  

Human trampling has been directly related to damage to benthic marine species 

in different environments (Keough and Quinn, 1998; Schiel and Taylor, 1999; Ferreira 

and Rosso, 2000). Casu et al. (2006c) applying two different trampling intensities at 

Asinara Island MPA (Italy, Mediterranean Sea) detected a significantly higher 

abundance of total polychaetes and of seven of the most abundant polychaete species  in 

controls than in trampled plots and, as well, significant differences in the assemblage 

structure among treatments. Sheehan et al. (2010) experimentally manipulated three 

estuaries in the southwest UK to determine the impact of crab-tiling on macro-infaunal 
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diversity. The authors concluded that trampling was found to have the greatest impact 

on sediment and fauna, reducing diversity (number of taxa and abundance of macro-

infauna) and altering the assemblage structure. Johnson et al. (2007) also investigated 

the effects of mudflat disturbance by trampling associated with crab-tiling in the Yealm 

Estuary (Devon, England), where nematode species number was significantly greater in 

controls compared to crab-tile stations and multivariate analysis showed nematode 

assemblage composition from control plots to be significantly different from crab-tile 

plots. In a protected coastal wetland in Taiwan, Hsu et al. (2009) examined the effects 

of recreational trampling on wetland sediments and demonstrated that taxon richness 

and macroinfauna community at areas with high visitor intensity were significantly 

affected. Gheskiere et al. (2005) demonstrated that tourist upper beach zones had lower 

nematode average taxonomic diversity values compared to their non-tourist equivalents 

on the Hel Peninsula (Poland) and in San Rossore (Tuscan region). In a marine lagoon 

on the west coast of South Africa the responses of the macrofauna associated with bait-

collecting of the sandprawn Callianassa kraussi were assessed by Wynberg and Branch 

(1997). The authors showed that species richness and the abundance of many species 

were lower in the disturbed areas than the controls. At the Purbeck Marine Wildlife 

Reserve on the south coast of the UK, Pinn and Rodgers (2005) investigated the 

influence of visitors on the intertidal biodiversity of macrobenthos at Kimmeridge Bay. 

The authors compared two rock ledges: Washing Ledge (a heavily visited site) and 

Yellow Ledge (a less-visited site), and in addition to differences in algae composition 

and limpet abundance between the ledges, a greater total number of species were 

identified from the less visited site. Also, Van de Werfhorst and Pearse (2007) ranked 

three sites as undisturbed, severely, and intermediately disturbed based on the numbers 

of visitors on the rocky intertidal platform adjacent to Natural Bridges State Beach, 
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California. In this study, the authors clearly demonstrated that the density and 

distribution of people correlated positively with the proportion of bare rock, and 

negatively with species richness, species diversity, and abundance of mussels and 

rockweeds. Finally, studying mussel populations (Mytilus californianus) on the 

California coast, Smith et al. (2008) found that in contrast to mussel population 

measures, the species richness diversity associated with the mussel bed was not affected 

by the level of human use. 

Although a reasonable body of literature, as described above, documents the 

effects of trampling on several different community parameters, studies evaluating the 

effect of human trampling on meiofauna diversity are nonexistent. At Porto de Galinhas 

reefs, trampling disturbance was responsible for a general decrease of species richness 

and for promoting strong reductions in the densities of the most abundant harpacticoid 

species (average reductions ranged from 50.9 to 88.5%). 

Considering the species that occur in C. papillosus (station I) most of them had 

their densities significantly reduced by trampling (ANOVAs and IndVals), however A. 

cinctus and H. campbelliensis seem to be favored. Harpacticoida can demonstrate 

selective grazing on single food particles (Carman and Thistle, 1985; Azovsky et al., 

2005; De Troch et al., 2005) but, they can also show flexibility in nutritional demands 

and switch from one preferred food source to the other at different developmental stages 

or with seasonal or tidal changes (Giere, 2009; Steinarsdóttir et al., 2010). In addition, it 

was already suggested that certain co-existing harpacticoids partition preferable food 

resources on phytal environments (Arroyo et al., 2007; Steinarsdóttir et al., 2010) in 

order to minimize competition. A. cinctus is a cosmopolitan species that has been 

recorded in several geographic regions around the world (Lang, 1948; Vervoort, 1964) 

and occurring in various environments: sediment samples (Vervoort, 1964); associated 
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with different algal species (Ohtsuka and Iwasaki, 1998; Hicks, 1971; Hicks, 1986; 

Vervoort, 1964; Lang, 1965; Noodt, 1964); in plankton samples (Gerber, 1981); 

associated with sponges (Yeatman, 1970); and with banks of bivalves (Asencio et al., 

1993). In an annual study, Asencio et al. (1993) found that A. cinctus showed a 

continuous breeding activity and despite showing a better development under bacteria 

food source, this species fed on both bacteria and microalgae. Seaweeds have long been 

known to support abundant populations of bacteria (Laycock, 1974). Moreover, studies 

investigating the abundance of microbial cells on the surface of different intertidal 

species of seaweeds have demonstrated a significant increase on numbers of microbial 

cells on damaged tissue when compared with undamaged (Laycock, 1974; Rogerson, 

1991; Armstrong et al., 2000). It is very likely that A. cinctus, and probably also H. 

campbelliensis, were benefited with the increase on bacterial supply on C. papillosus 

due to the damage caused by trampling, but without significant biomass losses of this 

phytal habitat.  

Although ANOVA has detected several species as sensitive to trampling, the 

results of Indicator Species Analysis showed that the species Paramphiascella sp was 

also a significant indicator of the protected area, but only the station I. At this station, 

Paramphiascella sp had its density reduced by 87.4% in the trampled area. The species 

R. mourei and M. cf. indica were also reported with significant indicator values for the 

protected area but only at station IV, where their densities were reduced by 92.5% and 

81.8% respectively. This analysis also demonstrated that the species H. campbelliensis 

was an indicator of the trampled area at station I, never occurring in the preserved area 

of this station. 

Indicator taxa can be evaluated for groups of samples defined by environmental 

parameters or intensity of degradation. Since Dufrêne and Legendre (1997) introduced 
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this new and flexible asymmetrical approach to identify indicator species, the IndVal 

method has been widely used in ecological works (Punti et al., 2009; Kubosova et al., 

2010). Despite the ecological advantages of this method for conservation studies of 

marine environments that have been highlighted by Mouillot et al. (2002), this approach 

has not been applied to evaluate human impact on marine meio- and macrobenthic 

communities. 

In the present study, the IndVal approach allowed the detection of indicator 

species for protected or trampled areas as a whole or for only one specific station even 

when those species are rather scarce. In Porto de Galinhas, of the 43 species in the study 

area, the indicator species analyses identified 12 species as being indicative for a given 

area or station, whereas the ANOVA detected only 8 species for which the trampling 

disturbance was significant. These results confirm that the indicator species analyses is 

an important auxiliary tool of “classic tests” in impact assessment studies for 

conservation of the benthic marine habitats (Mouillot et al., 2002). 

Phytal habitats are characterized by the occurrence of genera and species with 

relatively wide geographical distribution (for example, A. cinctus, D. tisboides, P. cf. 

brevicornis, P. congenera and R. knoxi). However, and despite the occurrence of intense 

trampling disturbance, on the phytal of the Porto de Galinhas reefs at least 25 

harpacticoids are new species for science revealing the great lack of biodiversity 

knowledge of Brazil and also worldwide coastal marine environments. Harpacticoida 

taxonomic literature indicated that about 4.500 meiobenthic species have been described 

(Wells, 2007, Giere, 2009), however, Huys et al. (1996) estimate that 30.000 more 

harpacticoids species exist unregistered. So, concerning biodiversity our study 

highlights that the loss of still unknown species is one of the potential consequences of 

human activities such as trampling.  
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Recommendations for management  

The establishment of marine protected areas should safeguard resident 

communities, prevent widespread degradation, habitat loss and conserve the 

biodiversity for the purposes of conservation and scientific study. Considering the 

importance of meiofauna in the food web and also its high diversity (Giere, 2009), and 

the serious potential implications of human trampling on the ecological and economic 

"services" that coral reefs provide (White et al., 2000), this impact induced by 

recreational activities clearly deserves consideration in coastal management plans. 

This study evaluated a long time disturbance at the species level, enabling the 

demonstration that human trampling simultaneously modified habitat characteristics and 

affect Harpacticoida assemblage and diversity. 

The choice of areas of preservation should take into account the differential 

sensitivity and occurrence of the phytal communities. Among the two dominant species 

of algae on the reefs of Porto de Galinhas, G. acerosa, itself and its associated 

Harpacticoida assemblage, were shown more susceptible to trampling than C. 

papillosus. However, most of the surface is covered by the more sensitive algae. So, 

efforts should be made to reduce areas to tourism, especially those covered by more 

sensitive algae.  

Despite its important role as a complementary tool to the “classical tests”, the 

results of the indicator species analysis by IndVal must be evaluated carefully in future 

work to assess trampling on phytal. For example, in the present study, some indicator 

species that were significant due to their abundances (however with similar relative 

frequency between trampled and protected areas) are not good indicators if you want to 

get a fast result without a high effort, because the occurrence of these species alone 

doesn‟t tell much. It would be necessary to analyze its abundance in many samples to 
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get a good estimation of species densities on each area. On the other hand, rare species 

with high fidelity and specificity only for one area would facilitate a fast conclusion. In 

Porto de Galinhas, for example, the presence of Cletodes sp is a good indicator of 

undisturbed areas since this species was completely absent of areas with tourist traffic. 

Thus, critical interpretations of such combined analysis can help to facilitate future 

work on quality assessment and management of marine environments. 

The creation of permanently protected areas to completely restrict humans is 

necessary to improve environment preservation since even relatively low levels of 

trampling can severely damage many intertidal organisms (Povey and Keough, 1991; 

Brosnan and Crumrine, 1994; Brown and Taylor, 1999). At the same time, it can be 

combined with the establishment of semi-permanent walkways, rotating areas with 

“open” and “resting” times. These semi-permanent areas could encourage 

environmental education associated with tourism. Furthermore, monitoring and 

restoration projects must be developed in parallel constantly (Keough and Quinn, 1998). 

Finally, in face of the great lack on species diversity knowledge more efforts are 

necessary to develop taxonomic research to uncover the biodiversity of the marine 

environments prior to local extinction. 
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CAPÍTULO 3: 

RECOVERY OF MEIOFAUNA FOLLOWING A SHORT-TERM EXPERIMENTAL 

DISTURBANCE BY TRAMPLING ON CORAL REEFS 

 

INTRODUCTION 

Trampling disturbance is a common and growing phenomenon on many coastal 

ecosystems originating from different types of outdoor recreational activities (Liddle, 

1997; Contessa and Bird, 2004; Smith and Murray, 2005; Davenport and Davenport, 

2006). Many intertidal hard substrate environments on nearshore localities are subjected 

to tourists‟ activities during summer in many parts of the world and thus, mats of algae 

covering the substrate become vulnerable to human trampling (Keough and Quinn, 

1998; Schiel and Taylor, 1999; Brown and Taylor, 1999; Araújo et al., 2009). 

Inhabiting these phytal habitats, meiofauna is the most abundant metazoan assemblage 

(Gibbons and Griffiths, 1986; Giere, 2009) and it is also likely negatively affected by 

trampling. 

Meiofauna is defined as a biologically and ecologically separate group of 

metazoans that are trapped between meshes of 0.044 mm (or 0.062 mm) and 0.5 mm (or 

1 mm) (Giere, 2009). Meiofauna organisms may occupy different microhabitats in the 

phytal substrate, including the surface of the fronds, the interstices of holdfasts, and the 

sediment and detritus that accumulate at the bases of the stems (Hicks, 1977a; Arroyo et 

al., 2004) and are very important as food for higher trophic levels (Coull, 1988; 

Danovaro et al., 2007).  

Coral reefs are among the most prominent marine ecosystems of tropical Brazil. 

These reefs are distributed along 3000 km and they include the southernmost coral reef 

communities of the Atlantic. The Brazilian coral reefs form structures significantly 
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different from most of the well-known coral reefs in the world. Thus, they are a reef 

ecosystem ecologically unique and are also economically valuable for fisheries and 

ecotourism (Leão and Dominguez, 2000). 

In the Brazilian Northeast region, the reef formations located at Porto de 

Galinhas Beach in the state of Pernambuco are one of the most important tourist 

destinations in the country. However, they are vulnerable ecosystems due to the ease of 

access, allowing thousands of people to disembark and walk freely across them at low 

tide. From November to March and in July, Porto de Galinhas receives large numbers of 

tourists that are taken daily for tours on the reefs (Alcantara et al., 2004). 

As observed in Porto de Galinhas reefs, human recreational activities are likely 

to show annual cycles, reflecting seasonal changes in the periods of visitation. Those 

activities may act as a series of pulse perturbations, during short periods associated to 

tides and causing sudden changes from which the assemblage recovers once the 

disturbance has ceased (Keough and Quinn, 1998). However, the response to a 

particular disturbance regime, like human trampling, is likely to depend on the 

disturbance intensity: those that cause a little damage during a given pulse may allow 

rapid recovery, but there may be a critical intensity beyond which persistent changes 

can occur (Keough and Quinn, 1998). 

Several studies have investigated the effects of human trampling on hard-

substrate using manipulative experimental approaches. However, the majority of those 

studies have showed that trampling can reduce abundances of large conspicuous rocky 

intertidal organisms such as macroalgae, molluscs and barnacles (Bally and Griffiths, 

1989; Povey and Keough, 1991; Brosnan and Crumrine, 1994; Fletcher and Frid, 1996; 

Keough and Quinn, 1998; Schiel and Taylor, 1999; Milazzo et al., 2002, 2004; Ferreira 

and Rosso, 2008; Araújo et al., 2009). On the other hand, few studies have focused on 
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smaller (100 – 500µm) animals (Brown and Taylor, 1999; Casu et al., 2006a; b) and 

studies evaluating the effect of trampling on meiofauna of reef environments are 

nonexistent. 

Using data obtained by observational experiment, Sarmento (2011a; b) 

demonstrated that heavily used sites in Porto de Galinhas reefs are impacted by tourism 

visitors trampling and these impacts may conflict with conservation goals. However, 

information about recovery is not available. 

In observational experiments it is very difficult to found disturbed and non 

disturbed areas which are exactly the same, in terms of habitat and environmental 

variables, to accurately distinguish human influence from natural variation. Field 

manipulative studies though still subjected to environmental variation, as are 

observational experiments, enable the controlled estimation of recovery after the 

application of fixed levels of impact thus allowing the evaluation of the intensity of 

perturbations. Moreover, quantitative data coming from controlled experiments could 

subsidy environmental managers to formulate policy decisions. 

The present study aimed to experimentally determine the short-term effect of 

human trampling on phytal habitat variables and on meiofauna assemblage in coral reefs 

and to assess the pattern of phytal habitat and meiofauna recovery from different 

trampling intensities. The tested hypotheses were: (1) experimental trampling 

significantly reduces the phytal habitat, reduces the density of meiofauna major 

taxonomic groups and changes the meiofauna assemblage structure; (2) meiofauna 

presents a high resilience and before three months after the end of experimental 

trampling the phytal habitat, the density of meiofauna major taxonomic groups and the 

assemblage structure would have returned to initial conditions or to those of the control 

area. 
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MATERIALS AND METHODS  

Study area 

Data were collected between 02 October and 31 December, 2009 on the reefs of 

Porto de Galinhas Beach, located between the coordinates 8º30‟26” to 8º30‟41” S, and 

34º59‟52” to 34º59‟55” W (Fig. 1). The experiment of trampling effects on phytal 

meiofauna was conducted within the reef area that has been permanently conserved 

since 2004 (between 2004 and 2009, 70% of the total reef area was protected). The 

experimental area is indicated as a small rectangle on the reef surface at Fig. 1.These 

areas are marked by buoys and ropes, and tourists are forbidden to enter. Semi-diurnal 

tides during the sampling period attained maximum amplitudes of about 2.0 or 2.1m, 

sample collections were always made during low tides of 0.2 or 0.3m when the reef is 

almost completely exposed to the air.   

Sampling design and data collection  

The experiment followed a BACI sampling design (Before/After and 

Control/Impact), which the principle is that an anthropogenic disturbance in the 

"impact" location will cause a different pattern of change from before to after it starts 

compared with natural change in the control location. Thereby, taking into account 

natural patterns of variability and variability-induced by the source of disturbance under 

investigation (Underwood, 1992). In addition, trampled areas were monitored for a 

further period (one, two and three months after the end of trampling) to determine 

whether assemblages recovered from trampling and whether consequences of this 

recreational human activity occurred. The choice of this period is based on the speed 

with which meiofauna animals can close an entire life cycle (on average, between one 

week and one month) (Giere 2009). In this study we defined an impact as a significant 
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divergence between disturbed and control replicates in the density of meiofaunal groups 

and in phytal variables that may have been impacted by trampling. 

Three fixed 30 x 30 cm plots were placed randomly within three areas. The plots 

corners were marked by scraping small areas of the reef surface until revealing bare 

rock. Within each area, each one of the three plots was subjected to a different 

experimental trampling intensity: 0 (control), 32 (low intensity) and 79 (high intensity) 

footsteps (Fig 1). The plots received the three trampling intensities for three days during 

the low tide with a total of 96 and 237 footsteps for low and high intensity respectively. 

The trampler wore rubber-soled boots and weighed approximately 70 kg. 

Two 10 cm
2
 core samples of the turf were taken from each plot before 

experiment started (02 October) and one day (two tidal periods) after trampling ended 

(05 October). Sampling was repeated one (03 November), two (01 December) and three 

(31 December) months after the end of experimental trampling to determine whether the 

meiofaunal populations had recovered from trampling. For recovery only one sample 

was taken from each plot. The assessed variables (phytal habitat physical characteristics 

and meiofaunal groups‟ density) follow the outline presented in Sarmento (2011a). 

Trampling intensities estimative 

The two trampling intensities applied in this study were designed to fall within 

the maximum and minimum values of footsteps estimated to occur during the peak 

visitor season (November–March) at various parts of the reef subject to heavy use by 

tourists. In four different locations of the area open to visitors, digital videos were taken 

during low tide. The analysis of 5 min videos of 4 m
2
 areas at each location was used to 

assess the average trampling rate (estimated as the number of steps per square meter for 

a period of 2 h during which the reef is almost completely exposed to air during tides 

below 0.4m) that the turfs received during the peak tourist season in February, 2009. 
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The analysis of the remote videos revealed that Porto de Galinhas reefs open to touristic 

visitation received a mean trampling rate of 620 footsteps/m
2
/2 h (standard 

deviation=228 footsteps/m
2
/2 h) with maximum and minimum values of 855 and 337 

footsteps/m
2
/2 h respectively.  

 

 

FIG. 1. – Study area showing the location of the experimental area on the reef 

(rectangle) and the experimental plots of the three trampling treatments applied (control, 

low intensity and high intensity) at Porto de Galinhas (northeastern Brazil). 

 

Statistical analysis 

Multifactorial analysis of variance (ANOVA) was used to examine the 

immediate effects of the three trampling intensities on the physical characteristics of the 
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turf and on the densities of the main meiofaunal major groups one day after the end of 

trampling. The factors utilized for ANOVA analysis were Areas, Time (Before-After) 

and Treatment intensities (Control, Low and High intensity). The Fisher LSD test was 

used for a posteriori comparison when the interaction between factors Time and 

Treatment intensities was significant. The Dunnett test was used for a posteriori 

comparison among the three trampling intensities for each of the three monitoring 

samples (one, two and three months) to infer differences between experimentally 

trampled and control plots. The heterogeneity of variances was verified with the Bartlett 

test, and the data were transformed to natural logarithm of (X+1) prior to analysis if 

necessary. 

A Permutational multivariate analyses of variance (PERMANOVA) (Anderson 

2001; McArdle and Anderson, 2001) based on Bray-Curtis dissimilarities on natural 

logarithm of (X+1) transformed data was used to assess significant differences in the 

structure of the meiofauna assemblage between Times (Before and one day After the 

end of trampling) and among the three trampling Treatment intensities. The Monte 

Carlo asymptotic P-values were used. PERMANOVA tests the simultaneous response 

of one or more variables to one or more factors in an ANOVA experimental design on 

the basis of any measure of distance, using permutation methods. The F-ratio and 

associated P-value for each factor in PERMANOVA, differently from a univariate 

analysis of variance, are based in a multivariate hypothesis (Anderson, 2005). Pair-wise 

a posteriori comparisons (the multivariate version of the t-statistic) were run when the 

Interaction between factors was significant. For all analyses 9999 random permutations 

were used. The Bray-Curtis similarity of meiofauna samples means was plot in a Multi-

Dimensional Scaling (MDS) to represent the Bray-Curtis matrix graphically in a two-

axis space. 
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Due to the non balanced nature of the samples collected one, two and three 

months after the end of trampling (that had only one replicate taken in each month 

compared to two replicates sampled on Times Before and one day After the end of 

experimental trampling), another PERMANOVA was realized with those samples to 

verify meiofauna assemblage recovery. 

MDS analysis was applied using the software Primer
®
 v.6 (Plymouth Routines 

in Multivariate Ecological Researches), the multifactorial ANOVA was calculated using 

the software STATISTICA 7.0 and PERMANOVA was done using the software 

PERMANOVA v.1.6. The level of significance was set at p < 0.05 for all analyses, but 

the probabilities between 0.05 and 0.1 were interpreted as a tendency to a significant 

effect. 

 

RESULTS  

Experimental trampling effects on phytal habitats 

The turfs covering the reef surface of the experimental area were formed mainly 

by two algae species: Chondrophycus papillosus (Agardh) Garbary and Harper and 

Gelidiella acerosa (Forsskål) Feldmann and Hamel. These two turf-forming species 

occur randomly on the three experimental areas, but in general, C. papillosus was the 

dominant species on the samples.  

An analysis of variance of the three trampling intensities comparing only the 

samples collected prior to the begging of experiment revealed that all the physical 

characteristics of the phytal substrate, except sediment content, did not presented 

differences  among treatments or areas (p>0.05 for all). Prior to experimental trampling, 
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the turfs sampled at the low (p<0.001) and high intensity plots (p=0.04) presented more 

associated sediment when compared with the control plots (Fig. 2).  

One day after trampling ended, the algae turfs seemed to be weakly fixed to the 

rock substrate and the associated sediment seemed to be washed in many plots. The 

effects of experimental trampling on the physical characteristics of the phytal substrate 

and their pattern of recovery are illustrated in Figure 2. 

 

 

FIG. 2. – Experimental results of the three trampling treatments (control – white bars; 

low intensity – gray bars; high intensity – black bars) on physical characteristics of the 

phytal substrate before and immediately after (one day) and one, two and three months 

after the end of experimental trampling at Porto de Galinhas in northeastern Brazil. Bars 

represent means ± 95% Confidence Intervals. 

 

Immediate effects (one day after the end of experiment) of the three trampling 

treatments on phytal variables are showed at Table 1. The ANOVA results indicated 

that sediment dry weight associated with the turf, total substrate weight and turf height 
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showed significant results for the Interaction between the factors Time (before-after) 

and Treatment (trampling intensities). The turf dry weight was highly significant only 

for the factor Treatment (Table 1).  

The a posteriori test (Fisher LSD) indicated that the sediment content was 

significantly reduced by 73.2% on low (p<0.001) and by 81.3% on high intensity plots 

(p<0.001). Controls were not altered (p=0.24). One day after trampling the high 

intensity plot was different from control (p=0.03). On the other hand, no difference was 

found between low intensity and control plots (p>0.3) or between the two trampling 

intensities (p=0.2) one day after experimental trampling. This test also showed that 

substrate total weight was reduced by 56% on low (p<0.001) and by 68% on high 

intensity plots (p<0.001) one day after the trampling experiment ended while the control 

plots were not altered (p=0.53). There was a significant difference between high 

intensity and control plots (p<0.01) but not between low intensity trampling and control 

(p=0.24). A significant difference between low and high intensity plots was found 

(p=0.03). The results for turf height indicated that there was a tendency of reduction by 

19.6% on low intensity plots (p=0.09) and a significant reduction of 37.4% on high 

intensity plots (p=0.01). Controls were not altered (p=0.34). High intensity and control 

plots were different (p<0.001) and there was a tendency to differences between low 

intensity trampling and control (p=0.055). There was also a tendency to differences 

between low and high intensity plots (p=0.053) one day after experimental trampling 

ended. 
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TABLE 1. – Multifactorial ANOVA results for the immediate effects of experimental 

trampling for the phytal characteristics at Porto de Galinhas reef in northeastern Brazil. 

(Degrees of freedom: Time=1; Treatment=2; Areas = 2; Time x Treatment =2; Time x 

Areas= 2; Treatment x Areas= 4; Time x Treatement x Areas= 4; residual=18). 

Significant (p<0.05) F values in bold; tendency to difference (0.05<p<0.1) F values in 

italics. 

Factors Turf height (g)  Turf dry weight (g) 

 F p  F p 

Time 4.366 0.051  4.096 0.058 

Treatment 5.105 0.018  7.363 0.005 

Areas 4.412 0.028  2.015 0.162 

Time x Treatment 3.865 0.040  0.992 0.390 

Time x Areas 4.320 0.029  1.067 0.365 

Treatment x Areas 1.402 0.273  1.513 0.240 

Time x Treat. X Areas 0.821 0.528  0.311 0.867 

 Sediment content (g)  Total substrate (g) 

 F p  F p 

Time 52.13 <0.001  30.79 <0.001 

Treatment 3.128 0.068  5.110 0.017 

Areas 0.240 0.789  1.055 0.369 

Time x Treatment 6.634 0.007  4.957 0.019 

Time x Areas 0.033 0.968  0.126 0.882 

Treatment x Areas 1.881 0.158  1.475 0.251 

Time x Treat. X Areas 1.434 0.263  0.830 0.523 

 

 

Table 2 illustrates the results of the a posteriori test (Dunnett) of trampling 

effects among the different intensities for each of the three monitoring samplings (one, 

two and three months) of the phytal variables after the end of experimental trampling. 
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Figure 2 indicates that after one month all the phytal variable means at high intensity 

plots did not returned to control levels. However, this pattern was statistically confirmed 

only for the turf height, and turf dry weigh also showed this tendency. No differences 

were found between trampling intensities and controls for sediment content and total 

substrate weight after one month of the experimental trampling. For all phytal variables 

no differences were found between trampling intensities after two months.  

 

TABLE 2. – Results (p) of the a posteriori test (Dunnett) between the different trampling 

intensities for each of the three monitoring samplings (one, two and three months) for 

physical characteristics of the phytal substrate. Significant p<0.05 values in bold; 

tendency to difference 0.05<p<0.1 values in italics. 

Substrate variables 1º month 2º month 3º month 

Turf height (cm)    

Control x low  0.06 0.94 0.85 

Control x high <0.01 0.14 0.26 

    

Turf dry weight (g)    

Control x low  0.45 0.90 0.41 

Control x high 0.054 0.82 0.23 

    

Sediment content (g)    

Control x low  0.70 0.84 0.75 

Control x high 0.31 0.99 0.51 

    

Total substrate (g)    

Control x low  0.99 0.99 0.47 

Control x high 0.11 0.91 0.26 
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Experimental trampling effects on meiofauna assemblage 

A total of 102426 animals were counted. The meiofauna inhabiting the turf algae 

on the experimental area was composed by the taxa Copepoda Harpacticoida (44.9%), 

Ostracoda (22.5%), Nematoda (18.9%), Turbellaria (4.8%), Polychaeta (3.9%), 

Tardigrada (3.03%), Tanaidacea (0.58%), Rotifera (0.31%), Acari (0.25%), Gastropoda 

(0.23%), Polyplacophora (1.18%) and Oligochaeta (0.17%). 

Prior to the begging of experimental trampling the analysis of variance did not 

revealed significant differences for any of the meiofauna major groups among the three 

trampling intensities or among areas (p>0.05 for all). 

The immediate effects of trampling on the meiofauna total density, as well as on 

the densities of most abundant meiofauna major taxa and the recovery pattern along 

time are shown in Figure 3. 

The MDS analysis represented very well (stress = 0.04) the similarity matrix 

among meiofauna samples (using the average of replicate values for each major taxa) 

submitted to three trampling intensities and at the five sampling times (Fig. 4). Strong 

similarity is observed among all treatments prior to the begging of experimental 

trampling. This analysis showed a general pattern with control samples located on the 

left side of the MDS plot while trampled samples are located on the right side of the 

plot. Moreover, this analysis indicated evident differences in the structure of the 

assemblage between the three trampling intensities immediately one day after the end of 

trampling. At one month, control and low intensity samples showed strong similarity 

while the high intensity sample was still different. However, after two months the 

control sample showed again great dissimilarity with both low and high intensity 

samples. After three months all treatments showed strong similarity.  
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FIG. 3. – Experimental results of the three trampling treatments on density of meiofaunal 

taxa Before, one day after (After) and one (1), two (2) and three (3) months after 

experimental trampling at Porto de Galinhas in northeastern Brazil. Bars represent 

means ± 95% Confidence Intervals. 
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FIG. 4. – MDS ordination of the meiofauna assemblage means (major taxa) submitted to 

three trampling intensities (C – control, L – Low and H – High intensities of trampling) 

sampled on five times (gray circles – before trampling; gray squares – one day after 

trampling; crosses – 1 month; black diamonds – 2 months; and black circles – 3 months 

after the end of trampling) at Porto de Galinhas reefs, northeastern Brazil. 

 

PERMANOVA detected significant differences in the structure of the meiofauna 

assemblage between Times – samples collected before and immediatly one day after the 

end of trampling, among the three trampling intensities and also for Interaction between 

these two factors (Table 3). 
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TABLE 3. – Results of PERMANOVA for meiofauna assemblage structure differences 

between the two sampling Times (before and one day after the end of trampling) and 

among the three trampling intensities (df = degrees of freedom; SS = Sum of squares; 

MS = mean squares). Significant (p<0.05) F values in bold. 

Factors/Source df SS MS F P 

Time 1 918.92 918.92 14.12 <0.001 

Treatment 2 594.76 297.38 4.57 <0.01 

Time x Treatment 2 411.08 205.54 3.16 0.03 

Residual 30 1951.46 65.05   

Total 35 3876.23    

 

 

Pairwise tests detected that significant differences were found on meiofauna 

assemblage structure between samples collected before and immediately one day after 

the end of trampling on both high and low trampling intensity plots, while no changes 

were observed on controls (Table 4). 

 

TABLE 4. – Results of pairwise tests for meiofauna assemblage comparing samples 

collected Before and one day After the end of trampling within each one of the three 

trampling intensities. Significant (p<0.05) t values in bold. 

Trampling intensities t P 

High intensity 3.05 0.005 

Low intensity 2.53 0.01 

Control 0.74 0.64 
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 Results of pairwise tests comparing meiofauna assemblage structure among the 

three different trampling intensities for each one of the three monitoring samples 

demonstrated that after one month only a tendency to significant difference between 

high intensity and control plots was observed. However, in the next month a significant 

difference between low intensity and control plots was detected. After three months no 

differences or tendencies were observed among the three treatments (Table 5). 

 

TABLE 5. – Results of pairwise tests for meiofauna assemblage structure among the three 

different trampling intensities for each one of the three monitoring samples (one, two 

and three months after the end of trampling). Significant t values (p<0.05) in bold; 

tendency to difference (0.05<p<0.1) t values in italics. 

Times Treatments t P 

 High x Low 1.57 0.15 

1º month High x Control 1.74 0.09 

 Low x Control 0.92 0.46 

 High x Low 1.44 0.16 

2º month High x Control 1.46 0.17 

 Low x Control 3.50 <0.01 

 High x Low 0.64 0.63 

3º month High x Control 1.53 0.13 

 Low x Control 0.96 0.44 

 

Table 6 shows the Multifactorial ANOVA results for the immediate effects of 

experimental trampling on meiofaunal groups. The results indicated that Copepoda 

Harpacticoida, Nematoda, Tardigrada and total meiofauna density showed significant 

interactions between the factors Time (Before-After) and Treatment (trampling 

intensities). Ostracoda also showed a tendency to significant interaction between the 

factors Time and Treatment.  Polychaeta showed significant results for the factors Time 
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and Treatment, but not for the Interaction. The density of Polychaeta was reduced by 

70.4% in low intensity plots and 81.5% in high intensity plots one day after the end of 

trampling. The density of Tanaidacea was reduced by 24.6% in low intensity plots and 

96.3% in high intensity plots, but this group showed significant results only for the 

factor Treatment. High declines were observed in the density of Nauplii (68.7%) and 

Turbellaria (67.3%) in high intensity plots, however, these groups showed significant 

results only for the factor Time. 

The a posteriori test (Fisher LSD) indicated that the density of Copepoda 

Harpacticoida was significantly reduced by 62.6% in low intensity plots (p<0.001) and 

by 64.3% in high intensity plots (p<0.001) one day after the end of trampling. Controls 

plots were not altered (p=0.54). After trampling ended, low and high intensity were 

different from control (p<0.01), but there was no significant difference between 

Copepoda densities in low and high plots (p=0.7). The density of Nematoda was 

significantly reduced by 77.4% in high intensity plots (p<0.01) and was a tendency to a 

significant reduction by 39.4% in low intensity plots (p=0.057). Control plots were not 

altered (p=0.9). After trampling ended, high intensity plot was different from control 

(p<0.01), but there was no difference between low and control plots (p=0.4). There was 

significant differences between Nematoda densities in low and high intensity plots 

(p<0.01). The density of Tardigrada was reduced by 94.6% due to trampling in the high 

intensity plots (p<0.01) and there was a tendency to a significant reduction by 66.8% in 

low intensity plots (p=0.05). Control plots were not altered (p=0.7). After trampling 

ended, low and high intensity Tardigrada densities were different from control (p<0.03) 

and there was significant differences between low and high plots‟ densities (p=0.049). 

The results for Ostracoda indicated a tendency for a significant density reduction by 

42.9% in low intensity plots (p=0.06) and a significant reduction by 71.8% in high 
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intensity plots (p<0.001) one day after the end of trampling. Control plots were not 

altered (p=0.2). After trampling ended, high intensity plot was different from control 

(p<0.01), but differences were not observed between low intensity and control plots 

(p=0.3). There were significant differences between Ostracoda densities in low and high 

plots (p=0.02) one day after trampling. Meiofauna total density was reduced by 44.5% 

in low intensity plots (p<0.01) and by 71% in high intensity plots (p<0.01). The control 

plots were not altered (p=0.36). After trampling ended, high intensity plot was different 

from control (p<0.001), but not between low and control (p=0.18). Significant 

differences between treatment plots where found with high density of meiofauna in low 

intensity plots when compared to high intensity plots (p<0.01). 

 

TABLE 6. – Multifactorial ANOVA results for the immediate effects (one day) of 

experimental trampling for the main meiofauna groups at Porto de Galinhas reef in 

northeastern Brazil. (Degrees of freedom: Time=1; Treatment=2; Areas = 2; Time x 

Treatment =2; Time x Areas= 2; Treatment x Areas= 4; Time x Treatement x Areas= 4; 

residual=18). Significant F values (p<0.05) in bold; tendency to difference (0.05<p<0.1) 

F values in italics. 

Factors Nematoda  Harpacticoida  Ostracoda 

 F p  F p  F p 

Time 12.98 0.002  29.27 <0.01  19.51 <0.01 

Treatment 5.917 0.011  4.697 0.023  3.181 0.066 

Areas 0.033 0.967  1.747 0.203  0.780 0.473 

Time x Treatment 4.235 0.031  4.748 0.022  2.922 0.080 

Time x Areas 1.237 0.314  0.084 0.920  0.155 0.857 

Treatment x Areas 3.348 0.032  4.485 0.011  4.916 0.007 

Time x Treat. X Areas 0.897 0.486  1.375 0.282  0.478 0.751 

 Polychaeta  Turbellaria  Tanaidacea 
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 F p  F p  F p 

Time 19.16 <0.01  9.354 0.007  2.168 0.158 

Treatment 5.345 0.015  1.826 0.190  10.01 0.001 

Areas 5.055 0.018  0.228 0.798  1.768 0.199 

Time x Treatment 1.477 0.255  1.491 0.252  2.534 0.107 

Time x Areas 0.228 0.799  0.154 0.858  0.379 0.690 

Treatment x Areas 1.082 0.395  0.943 0.462  1.884 0.157 

Time x Treat. X Areas 1.242 0.329  0.160 0.956  1.314 0.302 

 Nauplii  Tardigrada  Meiofauna 

 F p  F p  F p 

Time 6.553 0.020  9.001 0.008  24.90 <0.01 

Treatment 0.581 0.569  5.858 0.011  5.655 0.012 

Areas 0.098 0.907  1.504 0.249  0.256 0.777 

Time x Treatment 1.216 0.320  3.899 0.039  4.053 0.035 

Time x Areas 0.029 0.972  0.834 0.450  0.239 0.790 

Treatment x Area 1.594 0.219  1.902 0.154  3.561 0.026 

Time x Treat. X Areas 0.229 0.919  0.244 0.910  0.232 0.917 

 

Table 7 illustrates the results of the a posteriori test (Dunnett) for trampling 

effects among the three different intensities for each of the three monitoring samples 

(one, two and three months) on meiofauna major groups after the end of experiment. 

The Dunnett tests indicated that after one month, Polychaeta and total meiofauna 

densities were still reduced in the high intensity plots. Harpacticoida and Tanaidacea 

also showed this tendency. The samples collected two months after the end of trampling 

demonstrated a different pattern of response to trampling intensities for most taxa. 

Polychaeta was still reduced in high intensity plots. However, Harpacticoida, Nauplii, 

Nematoda and total meiofauna were significantly reduced in low intensity plots after 

two months and Turbellaria also showed this same tendency. The only meiofaunal 
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major group that was still showing the effect of trampling after three months was 

Nematoda in the high intensity plots (Table 7).  

 

TABLE 7. – Results (p) of the a posteriori test (Dunnett) among the three different 

trampling intensities for each one of the three monitoring samples (one, two and three 

months) for densities of the meiofaunal groups. Significant p<0.05 values in bold, 

tendencies 0.05<p<0.1 in italics. 

Substrate variables 1º month 2º month 3º month 

Harpacticoida    

Control x low  0.82 0.01 0.56 

Control x high 0.06 0.15 0.54 

    

Nauplii    

Control x low  0.65 0.01 0.85 

Control x high 0.71 0.15 0.99 

    

Nematoda    

Control x low  0.87 0.03 0.08 

Control x high 0.18 0.17 0.01 

    

Ostracoda    

Control x low  0.87 0.10 0.78 

Control x high 0.11 0.28 0.53 

    

Polychaeta    

Control x low  0.55 0.10 0.41 

Control x high 0.03 0.04 0.16 

    

Tardigrada    

Control x low  0.83 0.99 0.15 

Control x high 0.76 0.64 0.34 
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Turbellaria    

Control x low  0.29 0.06 0.99 

Control x high 0.98 0.94 0.22 

    

Tanaidacea    

Control x low  0.59 0.40 0.20 

Control x high 0.06 0.82 0.22 

    

Total meiofauna    

Control x low  0.99 0.01 0.81 

Control x high <0.01 0.15 0.47 

 

 

DISCUSSION 

In this study, a three-day trampling impact was applied to correspond in intensity 

and minimum duration to what is expected to occur during consecutive days (3 to 5) 

with tides below 0.4m that expose the reef to ample touristic access. Trampling 

negatively affected phytal substrate covering Porto de Galinhas reef causing reductions 

on alga biomass, sediment content and consequently on total substrate weigh. Previous 

studies have showed that algal turfs were more resistant to trampling disturbance than 

other morphological categories like erect macroalgae (Keough and Quinn, 1998; Schiel 

and Taylor, 1999; Millazo et al., 2002). The turf-forming algae covering the reefs in the 

present study were dominated by C. papillosus, which presented a higher resistance to 

trampling impact compared to G. acerosa (Sarmento, 2011b) the second more important 

species. However, in the present study, experimental trampling had strongly affected the 

community even at low trampling intensities. In a trampling manipulative experiment 

on coralline turf, Brown and Taylor (1999) also detected stronger declines on turf dry 

weight and sand dry weight with increasing trampling intensity two days after trampling 



86 

 

ended. Despite the strong trampling impact, substrate weight had a rapid recovery and 

had returned to control values after one month. The recovery of phytal variables to 

values of a non-impacted area is hardly possible in areas that remain open to visitors 

considering both that high intensity trampling extending to one week consecutive days 

with tides below 0.4m typically occurs cyclically during several months (November to 

March) and that consecutive days with tides equal or above 0.4m, that refrain touristic 

trampling, rarely occur for periods greater than 20 days. 

Meiofauna assemblage inhabiting the phytal on the reefs of Porto de Galinhas 

was very abundant (mean of 2.500 individuals/10cm
2
). However, there was a very clear 

effect of the trampling on the community structure and drastic decreases on the 

meiofauna density one day after trampling ended. 

Reports of the short-term effect of trampling on turf-dwelling benthic fauna are 

available mainly for the macrofauna community. Applying an experimental 

manipulative approach within the two „no-entry, no-take‟ zones of the Asinara Island 

Marine Protected Area (Italy, Mediterranean Sea), Casu et al. (2006b) found a 

significantly higher abundance of bivalves, gammarid amphipods, polychaetes, isopods, 

oligochaetes in controls than in trampled plots (60 and 120 footsteps/0.04m
2
), but the 

same did not occur for echinoderms, nematodes, tanaids and caprellid amphipods. 

Brown and Taylor (1999) investigating the effects of human trampling in a low-use area 

of the Cape Rodney to Okakari Point Marine Reserve (in north-eastern New Zealand) 

found important decreases in the macrofauna community inhabiting coralline turfs. The 

authors observed reductions of 40 to 50% at the highest applied trampling intensity (150 

footsteps/0.09m
2
) in macrofauna total density and on gastropods, polychaetes and 

ostracods. Concerning, at least partly, the meiofauna turf-dwelling community 

(metazoans retained in mesh size of 100µm) Casu et al. (2006b) found significantly 
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higher abundance of nematodes, polychaetes, ostracods, oligochaetes, bivalves, acari, 

caprellid amphipods and tanaids in control than in trampled areas. Harpacticoid 

copepods were not significantly affected by trampling in their observational study. In 

areas open to visitors on Porto de Galinhas reefs (northeastern Brazil) meiofauna 

community structure was significantly modified by trampling and presented strong 

density reductions of most groups, with the densities of Harpacticoida and Polychaeta, 

for example, being reduced by 64 and 76% (Sarmento, 2011a). 

Phytal environments are considered “hot spots of meiofaunal production” 

(Giere, 2009) and meiofauna animals are likely to be more abundant than macrofauna 

by at least an order of magnitude (Gibbons and Griffiths, 1986). These metazoans are a 

key component of the coastal benthos, contributing significantly to energy transfer to 

higher trophic levels (Coull, 1988; Danovaro et al., 2007) and although meiofaunal 

organisms are usually scarce on bare reefs they represents an additional food source in 

algal mats, mainly for macrofauna and small fish (Giere, 2009). The present study 

simulates a short period impact of three-days‟ trampling with intensities that are 

normally applied by tourists on turf-dwelling animals, however, drastic reductions on 

meiofauna density were observed. So, considering the potentially negatives effects of 

trampling on macrofauna (Brown and Taylor, 1999) and the substantial removal of this 

abundant and productive meiofauna assemblage by trampling (Sarmento, 2011a and 

present study) it is likely that this recreational activity can have negative consequences 

for higher trophic levels and consequently on the functionality of the reef benthic 

community. 

In addition to the strong negative effect of human trampling immediately one 

day after the end of experiment, in the present study, trampling demonstrated to be still 

important during the next three months monitoring. The trampling experiment (60 and 
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120 footsteps/0.04cm
2
) on small invertebrate community (>100µm) by Casu et al. 

(2006a) verified the community recovery one month after trampling ended. On the other 

hand, Brown and Taylor (1999) observed that three months after trampling ended the 

densities of most, but not all, macrofaunal taxa had returned to control values.  

Polychaeta was the single taxa that still showed a strong negative effect of trampling 

after three months appearing as a particularly vulnerable group to trampling impact 

(Brown and Taylor, 1999).  In the experimental plots on Porto de Galinhas reef, one 

month after trampling ended the density of all meiofaunal groups on low trampled plots 

did not present differences to controls. However, Polychaeta and total meiofauna 

density on high trampled plots had not returned to control values. Copepoda 

Harpacticoida and Tanaidacea also demonstrated this same tendency. Two months after 

trampling ended a complete recovery of meiofauna major groups was expected. 

However, there was an interesting shift on the recovery pattern. After two months, 

Polychaeta still showed differences between high trampled plot and control. Besides, 

Nematoda, Copepoda Harpacticoida and total meiofauna density presented strong 

reductions on low trampled plots, while in high trampled plots they seem to have 

recovered. This pattern was also observed for Turbellaria. Some event, occurred 

between one and two months‟ samplings, has shown a vulnerability of most taxa in 

plots that were subjected to the low intensity trampling. Although somewhat 

speculative, two hypotheses are advanced that may explain the observed results after 

two months. Despite the recovery observed on phytal habitat variables showed by the 

analysis of variance, the meiofauna density strong decrease demonstrates the fragility of 

this habitat possibly due to a phytal structural modifications that made it harder to the 

fauna to adhere to the substrata under strong weather conditions (in support of this it 

should be observed that sediment weight on the phytal substrate was strongly reduced 
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on all treatments on two months samples, see Figure 1). Another possible explanation is 

a local increase in the density of some macrofaunal predator that was not strongly 

reduced by low intensity trampling. The experimental plots were surrounded by patches 

of relatively natural turf that probably 89arbor dense macrofauna populations. 

Potentially, this predator could be Polychaeta. In fact, mean density of Polychaeta on 

low intensity trampled plots after two months was higher (3.6 individuals/10cm
2
) when 

compared to control (2 individuals/10cm
2
) or high intensity plots (0.6 

individuals/10cm
2
). Moreover, the Polychaeta family Syllidae, frequently consisting of 

predators, was an important representative comprising over 60% of all polychaete 

individuals (Santos, PJP data not published).  

Presented data clearly indicates that if only the first month was monitored it 

could generate wrong interpretations of meiofauna recovery pattern. Three months after 

trampling ended densities of total meiofauna and of most taxa had returned to near 

control values on experimental plots. Nematoda, nevertheless, still presented significant 

differences between high trampled plot and control and a tendency of difference 

between low trampled plot and control. Thus, even after three months, the meiofauna 

assemblage was not completely recovered. In the present study, experimental trampling 

was applied to 0.09 m
2
 plots surrounded by patches of non trampled turfs. These turfs 

probably harbor dense meiofauna populations, which represented a large pool of 

potential recolonizers. However, in areas open to visitors where the reef is trampled by 

large numbers of people this pool is severely reduced (Sarmento, 2011a), probably 

increasing recovery time. Thus, and despite the meiobenthic animals short generation 

times, future studies should consider longer periods to evaluate the recovery of 

meiofauna assemblage after human disturbance impacts such as trampling. 
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In nearshore coastal environments, anthropogenic disturbances vary in nature. 

Some, such as industrial discharges, are more or less continuous stresses and are defined 

as press disturbances. On the other hand, most impacts related to human recreational 

activities are likely to show cycles, reflecting tidal and seasonal changes in visitation on 

coastal areas. Those activities may be a series of pulses of disturbances, followed by 

potential recovery periods (Keough and Quinn, 1998). In Porto de Galinhas beach there 

are two markedly peaks of visitors activities, from November to March and again in 

July. So, after intense trampling, the recovery periods, or at least periods with minimum 

trampling, attain three and two months respectively. Moreover, in the present study it 

was not possible to identify a level of trampling that could be sustained. After one 

month, animal‟s densities show a quick tendency of recovery in low trampled plots, 

however, in the next month the sensitive of trampled substrata/fauna were again 

evidenced. Probably, levels of trampling below the minimum observed (32 footsteps/ 

0.09m
2
) should be kept to allow appropriate recovery between peaks of tourism on the 

reefs of Porto de Galinhas. 

In the observational experiment on Porto de Galinhas reef a large increase in 

densities of Ostracoda and Tardigrada inhabiting C. papillosus in the area subjected to 

tourists trampling was observed (Sarmento, 2011a). In the present experiment, 

Ostracoda and Tardigrada rapidly recovered on low and high intensity trampled plots 

after one month. Besides, the mean density of Tardigrada on high intensity plots not 

only reached but also exceeded control values after one month and continues high until 

three months. These data corroborate those presented by Sarmento (2011a) in the same 

study area, demonstrating that Ostracoda and specially Tardigrada can be benefited 

under trampling disturbance. Though these groups were not subjected to taxonomic 

analysis, the possible presence of very specialized genera within Tardigrada 
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(Echiniscus) and Ostracoda (members of Xestoleberidae and Paradoxostomatidae) that 

can feed directly on their phytal substratum by piercing the cells and sucking their 

cytoplasm (Giere, 2009) are suggesting as a possible explanation. Moreover, studies 

investigating the abundance of microbial cells on the surface of different intertidal 

species of seaweeds have demonstrated a significant increase on numbers of 

microorganisms (microbial) cells on damaged tissue when compared with undamaged 

(Laycock, 1974; Rogerson, 1991; Armstrong et al., 2000). Those set of circumstances 

together with the reduction of the other more susceptible meiofauna major groups seems 

to favors Ostracoda and Tardigrada. However, only further studies considering the 

species level would clearly elucidate the pattern of Ostracoda and Tardigrada 

community under trampling disturbance. 

In conclusion, the present study demonstrated that the experimental trampling 

reduced both the phytal habitat and the density of meiofauna major taxonomic groups, 

and significantly changes the meiofauna assemblage structure. Furthermore, these 

effects were dependent on the intensity of the applied impact. The monitoring samples 

collected three months after the experimental trampling showed that the phytal habitat, 

the density of most meiofaunal groups and the assemblage structure have returned to 

control conditions. 

Although the negative effects of human trampling in Porto de Galinhas reefs 

were inferred by Sarmento (2011a; b) using data obtained only by observational 

experiment, the „free access areas‟ are constantly under trampling disturbance and a 

heterogeneous use of these areas by visitors is observed. Those characteristics did not 

allow to accurately quantify the trampling impact that meiofauna received or to estimate 

assemblage recovery. These deficiencies/gaps were complemented by the present study 
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demonstrating the importance of applying integrative methodologies in environmental 

impact researches and also for management. 
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CAPÍTULO 4: 

SHORT-TERM EFFECTS OF EXPERIMENTAL TRAMPLING ON PHYTAL 

COPEPODA HARPACTICOIDA ASSEMBLAGE OF A TROPICAL CORAL REEF 

 

In Porto de Galinhas reefs, data obtained during an observational experiment 

(Sarmento, 2011b) showed the existence of species-specific differential responses to 

human trampling within the Copepoda Harpacticoida assemblage. However, it should 

be considered that in this kind of studies the distribution of species in the environment 

may be related to other factors than human impact only. In experimental studies like 

Before-After-Control-Impact or BACI (Underwood, 1992), defined plots may be 

evaluated before and after appliance of a simulated anthropogenic disturbance together 

with control plots. This methodology allows linking the individual responses of species 

to the controlled impacts enabling the validation of bioindicator hypotheses for 

impacted areas and, furthermore, it also makes possible following the recovery of the 

impacted assemblages. 

The present study aimed to determine the short-term effect of experimental 

human trampling on phytal Harpacticoida assemblage and to assess its recovery three 

months after trampling ended. The following hypotheses were tested:  (1) the densities 

of the most representative Harpacticoida species are reduced and the assemblage 

structure is changed due to experimental trampling; (2) three months after the end of 

experiment the densities of the most representative species and the assemblage structure 

is recovered. Between October and December, 2009 a manipulative experiment was 

conducted on the reefs of Porto de Galinhas Beach (see Fig. 1 of Sarmento, 2011a). 

Experimental design and data collection followed Sarmento (2011c), but only one 10 

cm
2
 core sample was analyzed for each plot before, one day and three months after the 
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end of experiment. The methodology for identification of Harpacticoida species 

followed that presented in Sarmento (2011b). The Bray-Curtis index was applied to not-

transformed data to assess the similarity among samples mean and was represented 

using a Multi-Dimensional Scaling (MDS). Two-way analysis of variance (ANOVA) 

was used to examine the immediate effect of the three trampling intensities on the 

densities of the main Harpacticoida species one day after the end of trampling. The 

factors utilized for ANOVA analysis were Time (Before-After) and Treatment 

intensities (control, low and high intensity). The Dunnett test was used for a posteriori 

comparison among the three trampling intensities for the three months` samples to infer 

differences between the plots trampled with two experimental intensities and the control 

plots. The heterogeneity of variances was verified with the Bartlett test, and the data 

were transformed to natural logarithm of (X+1) prior to analysis if necessary. The level 

of significance was set at p < 0.05 for all analyses, but the probabilities between 0.05 

and 0.1 were interpreted as a tendency to significant effect. 

A total of 736 individuals of Harpacticoida copepods were analyzed and the 

fourteen families, thirty-one genera and thirty-nine different species recorded for the 

phytal environment of Porto de Galinhas reefs in the experimental site are listed in 

Table 1. The dominant families in the study area were Miraciidae (39.4%), 

Parastenheliidae (13.2%), Laophontidae (10.04%), Ectinosomatidae (9.4%), 

Canthocamptidae (8.1%) and Ameiridae (6.1%). Miraciidae had the highest number of 

species. The species with higher densities were Parastenhelia spinosa (13.2%), 

Robertsonia knoxi (10%), Ectinosoma sp1 (8.6%), Amphiascoides aff. bulbiseta 

(8.03%), Melima cf. indica (5.9%), Paralaophonte congenera (5.8%), Ameira parvula 

(5.5%), Mesochra sp1 (4.9%) Paramphiascella sp (4.6%), Amphiascopsis cinctus 

(4.2%), Paradactylopodia cf. brevicornis (4.1%) and Harpacticus sp (3.1%). 
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TABLE 1. – List of Copepoda Harpacticoida species identified in the phytal environment 

of Porto de Galinhas reefs during trampling experiment. 

Order Harpacticoida Sars, 1903  

Suborder Polyarthra Lang, 1944    Family Ameiridae Boeck, 1865 

   Family Longipediidae Boeck, 1865    Subfamily Ameirinae Boeck, 1865 

     Longipedia sp      Ameira parvula (Claus,1866) 

Suborder Oligoarthra Lang, 1944      Nitocra sp 

   Family Miraciidae Dana, 1846      Psyllocamptus sp1 

   Subfamily Diosaccinae Sars, 1906    Family Canthocamptidae Brady, 1880 

     Amphiascus (pacificus) sp    Subfamily Canthocamptinae Brady, 1880 

     Amonardia sp      Mesochra sp 

     Amphiascoides aff. bulbiseta Pallares, 1975      Mesochra cf. pygmaea (Claus, 1863) 

     Amphiascopsis cinctus (Claus, 1866)      Nannomesochra sp 

     Diosaccus sp    Family Dactylopusiidae Lang, 1936 

     Paramphiascella sp      Dactylopusia tisboides Claus, 1863 

     Robertsonia knoxi (Thompson & A. Scott, 

1903) 

     Paradactylopodia cf. brevicornis (Claus, 

1866) 

     Robertsonia mourei Nogueira, 1961    Family Harpacticidae Dana, 1846 

     Rhyncholagena sp      Harpacticus sp 

     Typhlamphiascus sp    Family Ectinosomatidae Sars, 1903 

   Subfamily Stenheliinae Brady, 1880      Ectinosoma sp1 

     Melima sp      Ectinosoma sp2 

     Melima cf. indica (Krishnaswamy, 1957)    Family Orthopsyllidae Huys, 1990 

     Stenhelia cf. gibba Boeck, 1865      Orthopsyllus sp1 

   Family Laophontidae T. Scott, 1905    Family Parastenheliidae Lang, 1936 

   Subfamily Laophontinae T. Scott, 1905      Parastenhelia spinosa Fischer, 1860 

     Heterolaophonte campbelliensis (Lang, 

1934) 

   Family Louriniidae Monard, 1927 

     Laophonte cornuta Philippi, 1840      Lourinia armata Claus, 1866 

     Paralaophonte cf. brevirostris (Claus, 1863)    Family Cletodidae T. Scott, 1905 

     P. congenera (Sars, 1908)      Cletodes sp 

     P. congenera  {sensu Yeatman 1962}    Family Tisbidae Stebbing, 1910 

   Subfamily Esolinae Huys & Lee, 2000    Subfamily Tisbinae Stebbing, 1910 

     Esola vervoorti Huys & Lee, 2000      Tisbe sp 

     E. lobata Huys & Lee, 2000  

   Family Normanellidae Lang, 1944 Harpacticoida sp 

     Normanella sp  
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MDS analysis indicated clear differences in the structure of the Copepoda 

Harpacticoida assemblage between samples collected before, one day and three months 

after the end of trampling (Fig. 1). This analysis also showed important differences 

among trampling intensities. 

 

 

 

 

FIG. 1. – MDS ordination of the Harpacticoida assemblage means (species level) 

submitted to three trampling intensities (C – control, L – low and H – high intensities) 

sampled at three times (black circles – before, diamonds – one day after and squares – 3 

months after the end of trampling) at Porto de Galinhas reefs, northeastern Brazil. 

 

The effects of trampling on the density of the most representative species of 

Harpacticoida are shown in Figure 2. The two-way ANOVA results for the immediate 

effects of experimental trampling (before and one day after) indicated that the species P. 

spinosa (p=0.03), A. aff. bulbiseta (p=0.01) and P. congenera (p=0.01) showed 

significant results for the factor Time. No species showed significant results for the 
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factor Treatment or interaction between Time and Treatment. The results of the a 

posteriori test (Dunnett) among the three different trampling intensities for the three 

months samples indicated that P. spinosa showed a tendency to be reduced in the high 

(p=0.073) and low (p=0.074) intensity plots when compared to controls.  

Data presented by Sarmento (2011c) showed the vulnerability of Copepoda 

Harpacticoida to experimental trampling disturbance, demonstrating that Copepoda 

Harpacticoida total density was significantly reduced by 62.6% in low and by 64.3% in 

high intensity plots one day after the end of trampling. Considering the data presented 

by Sarmento (2011b; c) significant reductions due to trampling would be expected at 

species level for the most representative species of Harpacticoida. In the present study, 

the MDS analysis indicated an important effect of trampling structuring Harpacticoida 

assemblage among Time and among the Treatments applied. However, the great 

variation among replicates illustrated in Figure 2 did not allowed finding significant 

results with ANOVA. Nevertheless, densities of the most representative species had 

strong reductions between before and one day after in experimentally trampled plots: P. 

spinosa (86%), R. knoxi (82%) and Paramphiascella sp (76.6%) had strong reductions 

in mean densities in the high intensity plots one day after trampling ended, Ectinosoma 

sp1 was reduced by 79.7% in low and by 76.3% in high intensity plot, A. aff. bulbiseta 

was reduced by 73% in low and by 84% in high intensity plot, M. cf. indica was 

reduced by 94.7% in low intensity plot and A. cinctus was reduced by 90.9% in low and 

by 81.6% in high intensity plot (Fig. 2). 
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FIG. 2. – Experimental results of the three trampling treatments on density of main 

species of Harpacticoida before, immediately after (one day) and three months after the 

end of experimental trampling at Porto de Galinhas in northeastern Brazil. Bars 

represent means ± 95% Confidence Intervals. 



99 

 

In the present study, the co-occurrence of two species of algae in the 

experimental area certainly added great variation among replicates. The large variation 

associated to the small number of replicates analyzed and the dominance of 

Chondrophycus papillosus, the algae most resistant to trampling (Sarmento, 2011a; b), 

may have prevented the detection of trampling impact effects.  

Although it is known that finding significant results in environmental impact 

assessment at species level is usually more difficult (and will thus deserve further 

sampling effort) than at major taxa level, because species are more affected than higher 

taxonomic categories by both natural variability and seasonal cycles (Warwick, 1988), 

on the other hand, in environments where biodiversity is still poorly known (as is the 

case of Copepoda Harpacticoida biodiversity on phytal environments along the 

Brazilian coast) identification at species level should be considered the first and crucial 

step (Maurer, 2000; Terlizzi et al., 2003; Nahmani et al., 2006).  
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CONCLUSÕES 

 

O pisoteio humano simultaneamente modifica as características do substrato, a 

comunidade de Meiofauna (ao nível de grandes grupos taxonômicos) e a associação de 

Copepoda Harpacticoida (ao nível de espécies); 

 

O pisoteio humano promoveu uma redução significativa na biodiversidade de 

Copepoda Harpacticoida no fital de Porto de Galinhas; 

 

Os organismos da meiofauna podem apresentar diferentes padrões de resposta a 

um mesmo distúrbio antrópico (como o pisoteio) em função da composição de espécies 

de algas que formam o seu substrato ou habitat; 

 

Em Porto de Galinhas, a maior parte da superfície do recife é coberta pela alga 

que demonstrou maior sensibilidade ao pisoteio. Dessa forma é necessário considerar 

tanto as diferenças em sensibilidade das algas quanto a sua ocorrência na comunidade 

fital na escolha de áreas de preservação;  

 

Devido às características do pisoteio de longo prazo não foi possível quantificar 

o impacto que a meiofauna recebia em cada um dos cinco pontos de coleta ou estimar 

sua recuperação no experimento observacional, pois o turismo ocorre de forma quase 

ininterrupta durante todo o ano em Porto de Galinhas. Essas deficiências foram 

corrigidas com o experimento manipulativo, demonstrando a importância de se aplicar 

metodologias complementares para avaliações de impacto e para o manejo de áreas 

costeiras com fins recreativos.  
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