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ABSTRACT

The population of mysid Metamysidopsis sp. nov. 4b has been studied in the sandy beach of San Pedro village in the Guayas Province (Ecuador). It’s been sampled on a fortnightly basis from June 2000 to July 2001 at low water and high water. This study covers the composition of the hyperbenthic community and the population dynamics of the dominant specie Metamysidopsis sp. nov. 4b.Are involved the density, biomass and their relation with environmental parameters, population structure, size at maturity, sex ratio, fecundity and secondary production by the size-frequency method, using three CPI to estimate maximum, minimum and average secondary production. 

The hyperbenthos was dominated by the group Mysidacea representing 98% of the total density. Three species were found in this group; Bowmaniella sp, Mysidopsis sp and the dominant in the group: Metamysidopsis sp. nov. 4b. 

Three peaks of abundance of Metamysidopsis sp. nov. 4b were found during the dry season, at June (>26000 N/m-2 at low water and >3000 N/m-2 at high water), October (>16000 N/m-2 at low water and >7000 N/m-2 at high water) and November (>26000 N/m-2 at low water and >400 N/m-2 at high water), and were almost absent during the wet season. A dominance of females over males along the year has been found as well as a larger size for female adults than for male adults. The sex ratio fluctuated at samplings with a tendency towards female dominance (1:1.5 at low water and 1:2.6 at high water). The number of embryos carried by a single female goes from 1 to 7, proportionally to their size.

The estimate of secondary production yielded results for annual estimate between 3000 mg ADW.m-2.yr-1 and 15000 mg ADW.m-2.yr-1at low water and 1000 mg ADW.m-2.yr-1 and 5000 mg ADW.m-2.yr-1, and a P/B ratio between 19 and 80 at low water and between 20 and 90 at high water.

1. Introduction

The coastal region of Ecuador encompasses a strip of land more than 500 km long, and from 25 to 200 km wide, located between the Andean Cordillera and the Pacific shore (Feininger and Bristow, 1980). This area has a high diversity of ecosystems in its coastal and marine territory (Gabor, 2002). It provides habitats for a wide range of biota including important marine resources as commercial fishes, crustaceans, mollusks, etc (Cruz et al., 2003). This richness in the Ecuadorian marine biodiversity is related to some physical conditions: the divergence, between the warm, low salinity, tropical water from the north and the cold, saline, subtropical water of the Humboldt Current from the south of Peru, produces the Ecuadorian front with a strong thermal/salinity gradient. As a consequence, this front undergoes important seasonal variations (Cucalon, 1986). The ENSO cycle, during which high temperatures are observed in the upper layer of the ocean  also change the ocean-atmospheric interaction, affecting the primary, secondary, and tertiary trophic levels, as well as the coastal climate (Cruz et al., 2003).

The sandy beaches are the most common ecosystem in the Ecuadorian coast, being largely used for recreation, artisan fishery exploitation and in some cases, for urban discharging and industrial effluents (Ruiz, 2002). However high biodiversity can be found, especially in the surf zone. Widely studied and described as a physically dynamic environment (Robertson and Lenanton, 1984), this zone is mainly favorable for a wide range of crustaceans species as peracarids, decapods, pycnogonids and copepods (Dominguez et al., 2004). The juveniles fishes, also using this environment as nursery habitat (Lasiak, 1981; Brown and McLachtan, 1990). The different studies realized in the surf zone of Ecuadorian beaches focused on the interactions and behavior of the hyperbenthos community. This include, annual hyperbenthic variation (Calles et al., 2002; Ruiz, 2002), daily variation (Dominguez and Fockedey, 2002) and spatial pattern variation (Dominguez et al., 2004).

The hyperbenthos, also called suprabenthic fauna or demersal benthic zooplankton, includes small swimming animals, mainly crustaceans, living directly above the sediment and able to migrate on a daily or seasonal basis (Brunel et al., 1978). Calles et al (2002) and Ruiz (2002), in their study of hyperbenthos communities in Valdivia Bay of Ecuador, found Mysidacea as the most abundant hyperbenthic group, representing 98% of the total density of the samples. Similar results have been found in other regions of the world, recognizing Mysidacea as a group of great importance in the hyperbenthos (Mauchline, 1980; Wooldridge, 1983; Mees and Jones, 1997; Zouhiri et al., 1998; Lock et al., 1999; Beyst et al., 2001).

Mysids are an essential component of the marine and estuarine trophic chains (Markle and Grant, 1970). They are used as food for species of fish and crustaceans under culture conditions (Guevara, 2005), and as a potential toxicity tester (Verslycke et al., 2004; Samlalsingh, 2004). This Sub Order has been largely studied and some of their species are well described. 

Not all the species of the genus Metamysidopsis have been studied in detail, but some of them, as is the case of Metamysidopsis elongata, are relatively well described. This species known as a marine hypopelagic, apparently lives only in the water above extensive areas of fine sand. M. elongata shows vertical migration, living in close association with the sediment surface during the day and migrating to or towards the water surface during the night (Clutter, 1967; 1969).  Swarms belonging to the genera Metamysidopsis have been reported swimming against the water current, or staying motionless in the zone of coastal wind mixing and with their heads against the current (Clutter, 1969). Some other biological aspects about the genus Metamysidopsis can be mentioned. A maximum period of laboratory survival of 157 days, a number of molts of 21 for a single animal, differences in growth and molting rate between males and females in temperatures between 14 and 20 degrees (Clutter and Theilacker, 1971). A marsupial development of 5.5 days is reported for M. insularis (Wittmann, 1984). Size at maturity goes from 5.12 to 7.12 mm for M. elongata atlantica and M. munda. The mature females being generally larger than adult males (Gusmão et al., 2001). Higher growth rates for females in the first 14 days (i.e. before sexual maturity) after which both sexes reach a similar growth rate of about 0.0207mm day-1 (Gama et al., 2002).

The genus Metamysidopsis, has eight species described until now. Metamysidopsis sp. nov. 4b, identified by Bulckaen (2000), is a new species discovered in the Ecuadorian surf zone. Morphologically characterized “by having a rostral plate covering the base of the eyestalk; by an antennal scale reaching beyond tip of the antennular peduncle; exopod of fourth male pleopod six-segemnted, the terminal modified seta being 0.4 times as long as the rest of the exopod and armed with two pairs of coarse spinules; 17-24 large and small spines on inner margin of endopod of uropod; telson armed with 24-36 spines” (Bulckaen, 2000). This species is reported by Bulckaen (2000) as very abundant in the surf zone of sandy beaches along the coast of the Guayas Province, Ecuador. This was confirmed by Ruiz (2002) and Dominguez et al (2004) with their study of hyperbenthonic community on Valdivia Bay, where the mysid Metamysidopsis sp. nov. 4b reached densities of 62000 ind. 100 m-2, representing the 97% of the total hyperbenthic density. 

Population dynamics is defined as “the study of the fluctuations that occur in the number of individuals in animal and plant population and the factors controlling these fluctuations”. Some Factors are dependent of the population density and hence tend to have a stabilizing effect such as food supply, but other factors are independent of the population density such as flooding and other weather or climatic changes or events (Dictionary of Science, 2003). Estimates of population dynamic parameters such as number of cohorts, population structure, density, biomass and growth, size at maturity, sex ratio and fecundity are some of the most used in studies of mysids.

There are few studies on the Ecuadorian beaches; most of them are exploratory or pilot studies that give us a good idea of the diversity and richness in the area (Calles et al., 2002; Ruiz, 2002; Dominguez and Fockedey, 2002; Dominguez et al., 2004). However, none of them gives more details about the species population dynamics. Knowing the important roll of mysids in the trophic chain, and given the high density of Metamysidopsis sp. nov. 4b (Bulckaen, 2000) in the area, this study proposes as a main objective to carry out a population dynamical study of Metamysidopsis sp. nov.4b (Crustacea: Mysidacea) from the surf zone of Ecuadorian sandy beach.
2. Methodology

2.1. Materials and methods

2.1.1. Study area

The samples used for this study were collected on the sandy beach of San Pedro village, in the northern part of the Santa Elena Peninsula in the Guayas Province of Ecuador. The sampling station was located in front of CENAIM (National Center of Aquaculture and Marine Investigations), at 1º56’30” South and 80º43’30” Western. (fig. 1). This beach as the others at mid latitude presents two high tides of approximately equal height and range (symmetrical tides).
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Figure 1. Location of study area. Source: Dominguez, 2001

This area was used for shrimp larvae fishery some years ago and during the sampling campaign for this study. It is used as a tourist area from January to April and for artisan fishery, especially seine fishing from the beach.

2.1.2. Sampling

Fortnightly samples corresponding to new and full moon were collected, between June 06 of 2000 and July 20 of 2001. One sample was taken during the low tide of the day (LW), and one during the high tide of the afternoon (HW), along 200 meters back and forth, parallel to the beach, in the surf zone. A hyperbenthonic sledge, adaptation of Hamerlynck and Mees (1991) with a 4 meters long net, and a 1x1 mm mesh-sized were used (fig. 2). 
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Figure 2. Hyperbenthonic sledge. Source: Domínguez, 2001
Once the samples were collected, they were preserved, using diluted formaldehyde at 8% with filtered sea water, and neutralized with lithium carbonate (LiCO3).With a 4% of the final concentration, they were bottled for later analysis.

During the sample collections, environmental parameters as temperature (°C), salinity (psu), chlorophyll (mg/m3), suspended particulate matter (mg/l) and particulate organic matter (mg/l), were measured. A thermometer of precision ± 0.5 °C was used to measure the water temperature and a portable refractometer, to measure salinity. For chlorophyll, suspended particulate matter (SPM) and particulate organic matter (POM) two samples of water on the surf zone were taken for each sample. For that purpose, dark bottles of wide mouth with 2 liters of capacity were used. The samples stayed in refrigeration until their treatment in laboratory.

2.1.3. Sorting, identification and counting

The samples were sorted and identified in the laboratory until the smallest possible taxonomic level, using the available taxonomic keys. When the species level was not available to identify with the taxonomic keys it was designed as morphospecies in a reference collection of hyperbenthos. 

For this study, only Metamysidopsis sp. nov. 4b organisms were considered. They’ve been counted or used the subsamples system when there were too many. The samples from LW and HW were treated separately. High tide samples were used to analyze densities for the new moon. It was mainly done for the available time to analyze the samples and backed by Clutter (1967), who reported a higher dispersion of Metamysidopsis population during full moon. Low tide samples were analyzed from Fortnightly samples (new and full moon). Some samples corresponding to LW and HW were damage due to inadequate preservation conditions, making the analysis impossible. The list of samples analyzed with their corresponding densities and biomass is shown in table 2. 

The data from the count was recalculated to number the organisms per 100 m2. For this purpose, 2.8 divided the total number of counted organisms. This 2.8 value is obtained dividing 280 m2, total area of sampling (0.7 m of the hyperbenthonic sledge for 400 m transect), by 100 m2.  (The determination of the volume was not possible due to the unknown water flux through the sledge frame).
2.1.4. Staging and sexing 

In each sample, five hundred organisms have been taken randomly for sexing and growth stage determination, using the secondary sexual characteristics by the method described by Mauchline (1980). Three stages have been distinguished: juveniles, sub adults (male and female), and adults (male and female). The males were categorized as adults when the lobus masculinus between the flagella of the antennal peduncle were large and setose. The characteristic of elongate 4th pleopod in the adults male as described by Mauchline (1980), was not present in Metamysidopsis sp. nov. 4b. The distinction between female adults and subadults was done based on the marsupial development; when their marsupia were large enough to be seen from the lateral side it was an adult. The juveniles lack all the characteristics before mentioned. Differentiation between non gravid and gravid adult females has been done, recognizing three larval stages for the last ones (Mauchline, 1980). Stage 1: the embryo can look like an egg in their early stage, but after it starts to develop abdomen and rudiments of antennae but it is still cover with the egg membrane. Stage 2: the larvae have hatched from the egg membrane, the antennae and the thoracic appendages are more obvious, the embryo have the shape of a comma. Stage 3: The larvae have the eyes pigmented and thoracic appendages developed. Also body segmentation is available for observation.  

2.1.5. Length measurement

Standard length, the distance from the base of the eye stalk to the end of the last abdominal segment, was measured for a maximum of twenty organisms per sex and growth stage. The contour of each organism has been drawn using a drawing mirror attached to a binocular stereoscope and measured using the public domain Java image processing program “ImageJ” (http://rsb.info.nih.gov/ij/download.html).

2.1.6. Laboratory treatment of environmental parameters

For the analysis of Suspended Particular Matter (SPM) and Particular Organic Matter (POM), the fiber glass filters Whatman GF/C were used (previously dried to 60 °C for 2-4 hours, and weighed), to filter the water samples obtaining two replicates per date sampling. The filters were kept in aluminum paper and frozen (- 18 °C) until its later treatment.  In the laboratory, each filter was dried to 60 °C for 24 hours and weighed to obtain the value of SPM, burned again to 450 - 500 °C and weighed to determine the content of organic matter.   

The used formulas are:
            SPM = (DFW –IFW)/ VS

            POM = (DFW – BFW – CI)/VS

Where IFW is the initial weight of the filter, DFW is the weight of the dry filter with the sample, BFW is the weight of the burned filter, and VS the filtered volume of the sample. The CI, or initial content of organic matter was established as an average of the weight of four burned filters of the used box. The average of the two samples of each sampling date was used in the statistical analysis.

For the analysis of Chlorophyll, the samples were filtrated using the fiber glass filters Whatman GF/C, obtaining two replicates per sampling date. The filters were frozen as for the previous analysis.

The method proposed by Parsons et al. (1984) for the analysis of Chlorophyll and Phaeopigments was used. The filters were placed in acetone (90%) during 24 hours in refrigeration. After the acetone with the extract was centrifuged, and the absorbance of the supernatant was measured with a spectrophotometer at two wavelengths: 665 and 750 m. Later two drops of hydrochloridric acid (1%) were added and homogenized, to measure the absorbance at the same wavelengths. 

The used formula is:
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Where 665a and 770a are the measurements of initial absorbance, 665d and 750d are the measurements of absorbance after acidification, v is the used volume of acetone expressed in milliliters (10 ml) and V is the volume of sample water filtered expressed in liters.

2.2. Analysis of the data

2.2.1. Density and biomass calculation

The density of the population is expressed as individuals per 100 m2, while biomass is expressed as mg Ash-Free Dry Weight (ADW) per 100 m2. On each sampling date the lengths of the mysids were grouped in 0.2 mm interval classes. This narrow range was chosen due to the small differences in size between the juveniles (2.24-2.85mm; ± 0.2), and matures individuals (2.98-6.33mm; ±0.46). As a response to the observed differences in lengths and growth between males and females (Mees et al., 1994), length-frequency data of both sexes were analyzed separately.  Juveniles were divided equally over the male and female data matrices. Tables of absolute and relative density of every growth stage at low water and high water are given in the appendix.

The biomass was calculated per size class as the product of ADW estimate and the number of individuals per size class. 

The length-weight regression proposed by Mees et al (1994), for Neomysis integer, was used to determine the ash-free dry weight:

ln ADW= -5.539+2.267 ln SL

n=100; r²=0.997; p<0.001

Where, ADW (ash free dry weight) is expressed in mg and SL (Standard length, i.e. from the front of the eyes to the last abdominal segment) is expressed in mm.

2.2.2. Statistical analysis

The correlation between density and biomass of Metamysidopsis sp. nov. 4b and environmental parameters was established using the Spearman's Rank Correlation Coefficient, included in the statistical analysis software package STATISTICA 6. Graphs of biomass and density versus environmental parameter were made using the Graphs function included in the same software. The analysis between density and biomass versus environmental parameters was done per year and per season at LW and HW to find a correlation.

The pair wise comparison between sizes of males and females at LW and HW was done using the non-parametric method Kruskall-Wallis Test, included in the statistical analysis software package GraphPad InStat.

2.2.3. Production calculation 

Production of Metamysidopsis sp novo 4b was performed using the basic length-frequency data (given in the appendix), and the length-weight regression presented in the section 2.2.1. The size-frequency method or Hynes- Hamilton method (Hynes and Coleman, 1968; Menzie, 1980) was used to estimate annual production. In species whose life span is greater than a year the cohort production is multiply by the ratio of 365 to the cohort production interval CPI in days (365/CPI), to obtain annual production. This correction made by Benke (1979), is an adaptation for multivoltine species.

Production is estimated as the sum of biomass losses between successive size classes as:

               i

P = [i x ∑ (nj-nj+1) × (wjwj+1)1/2] × 365/CPI                               

                  J=1

Where;

                   P =  annual production

                   i  =  the number of size classes

                  nj =  the number of individual that have developed into a particular size 

                           category j during the year

                  wj =  the mean weight of an individual in the j size category

    (wjwj+1)1/2 =  the geometric mean weight between two size classes.

               CPI =  the cohort product interval (the number of days from the date of birth of 

                           the cohort to the attainment of the largest size)

The length-frequency data of low and high tide of all the samples were considered separately for the production calculation. Independent estimates of production for females and male were done, since the two sexes of Metamysidopsis. Sp. nov. 4b differ in their size and supported by Clutter (1971), who report difference in growth and molting rates between males and females of Metamysidopsis elongata. The CPI used for the calculation of production was choose base in the experiment of post marsupial life cycle and growth of Metamysidopsis elongata atlantica made by Gama et al (2002). This study was reared at 20±1º C and 30 psu, observing that the age at the onset of maturity was 14 days and the maximum number of molts was 12 for organism at the age of 60 days. Base on this, the maximum and the minimum estimate of production is obtained with the CPI of 14 and 60 days respectively, taking the CPI of 30 days as the middle point for a mean estimate of production.

The independent estimate of production obtained from the mortality rate (B/P ratio) was also calculated. Mees et al (1994 in Allen, 1971) reported that “Under certain conditions (in case of steady state model and if the individual growth is described by a von Bertalanffy function) the total mortality of a population is equal to the P/B ratio of the population”. P/B ratio was obtained as the average annual estimate of production divided by the averaged annual biomass, calculated with the size frequency method (explained above).

3. Results

3.1. Environmental parameter 

The environmental parameters recorded on the sampling site (temperature °C, salinity psu, chlorophyll mg/m3, SPM mg/l and POM mg/l), are illustrated in fig. 3 (see also table 1). No significant difference between tides were found for salinity, temperature and chlorophyll, while for SPM and POM the difference was extremely significant (U-test p<0.0001). The average values of SPM were 1108.5 mg/l (SD±1264.6) at LW and 50.69 mg/l (SD±70.83) at HW, whereas for POM were 85.52 mg/l (SD±94.57) at LW and 282.6 mg/l (SD±233.15) at HW. 

Seasonal changes for temperature are noticeable and highly significant during the year (p<0.0001 at LW and HW); from November (early wet season) to May (beginnings of dry season) the temperature increase raising the max peak on February 08 with 28.5 and 30.5 °C at HW and LW respectively.  The average temperature for this period was 27 °C (SD±1.2) at LW and 28 °C (SD±1.5) at HW. From June to October (dry season), the min temperature registered was at July with 22.5 °C at LW and 23 °C at HW and an average of 24 °C (SD±1.1)at LW and 25 °C (SD±1.1) at HW. 

The seasonal changes in salinity at LW were very significant (p-0.01), while at HW were slightly significant (p-0.08). The mean salinity at LW and HW at dry season was 35.6 (SD±1.5) and 35.6 psu (SD±1), and at wet season was 34.4 psu (SD±1.2) at LW and 34.6 psu (SD±1.4) at HW. No seasonal changes of chlorophyll, SPM or POM were significant. 
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Figure 3. Temporal variation of temperature (a), salinity (b), chlorophyll (c), POM (d) and SPM (e) at low water (LW) and high water (HW)

Table 1. The environmental parameter measurement for each sampling date and tide

	       Date


	Temperature

(°C)
	Salinity

(psu)
	Chlorophyll

(mg/m3)
	SPM

(mg/l)
	POM

(mg/l)

	
	LW
	HW
	LW
	HW
	      LW
	       HW
	       LW
	     HW
	   LW
	            HW

	2-Jun-00
	26.5
	26.0
	37
	37
	3.204
	3.385
	301.72
	3.90
	46.60
	42.00

	16-Jun-00
	24.0
	26.0
	37
	37
	-
	-
	-
	-
	-
	-   

	1-Jul-00
	22.5
	23.0
	32
	34
	3.004
	3.204
	781.75
	46.60
	69.75
	492.70

	16-Jul-00
	24.0
	24.0
	37
	37
	3.398
	3.115
	111.78
	188.33
	10.48
	225.08

	31-Jul-00
	24.0
	25.0
	36
	35
	1.191
	1.602
	-
	13.54
	17.00
	-

	15-Aug-00
	24.0
	24.0
	36
	36
	1.844
	1.928
	50.50
	-
	-
	117.06

	23-Aug-00
	23.0
	24.0
	36
	35
	3.561
	2.289
	290.05
	18.58
	25.36
	200.04

	13-Sep-00
	23.0
	24.0
	35
	35
	2.003
	2.136
	478.35
	5.50
	249.00
	67.20

	27-Sep-00
	24.8
	25.0
	33
	35
	2.870
	1.736
	744.00
	38.60
	46.50
	821.35

	13-Oct-00
	25.0
	26.5
	34
	35
	2.937
	1.869
	483.15
	15.95
	23.90
	125.00

	27-Oct-00
	25.0
	25.0
	35
	35
	1.335
	0.973
	1410.10
	37.50
	76.40
	536.71

	11-Nov-00
	23.0
	25.0
	36
	34
	1.157
	3.338
	1392.42
	15.98
	78.33
	85.00

	25-Nov-00
	26.0
	27.5
	36
	36
	2.670
	2.937
	1432.50
	47.60
	66.00
	723.70

	11-Dec-00
	26.0
	27.0
	35
	35
	3.471
	1.902
	4368.00
	16.31
	147.73
	206.37

	23-Dec-00
	25.5
	28.0
	35
	33
	3.204
	1.836
	1505.56
	12.50
	72.06
	125.94

	9-Jan-01
	27.5
	29.8
	32
	32
	1.602
	1.035
	547.55
	14.37
	31.35
	89.00

	24-Jan-01
	28.0
	28.5
	33
	33
	1.469
	1.063
	317.13
	25.04
	21.43
	392.94

	8-Feb-01
	28.5
	30.5
	34
	35
	3.375
	1.869
	1331.21
	23.85
	70.13
	235.87

	23-Feb-01
	27.0
	28.0
	35
	36
	2.403
	2.120
	623.20
	23.70
	41.10
	243.80

	9-Mar-01
	27.0
	28.0
	34
	35
	2.937
	4.272
	-
	-
	-
	-

	24-Mar-01
	28.0
	30.0
	34
	35
	2.377
	2.767
	-
	231.96
	-
	272.35

	7-Apr-01
	27.0
	28.0
	36
	36
	11.027
	7.933
	295.72
	-
	-
	189.55

	23-Apr-01
	25.0
	28.0
	34
	33
	7.537
	7.251
	367.28
	-
	-
	359.91

	7-May-01
	25.5
	28.0
	34
	35
	27.197
	16.217
	3466.96
	43.43
	284.89
	222.28

	22-May-01
	25.0
	25.0
	35
	36
	4.778
	2.715
	1026.10
	-
	-
	238.22

	5-Jun-01
	23.0
	24.0
	37
	36
	7.069
	3.648
	4686.39
	32.60
	365.36
	293.00

	21-Jun-01
	23.0
	23.5
	37
	37
	2.055
	2.326
	120.40
	26.40
	22.70
	888.20

	5-Jul-01
	24.0
	25.0
	36
	36
	4.005
	5.186
	128.79
	25.60
	20.69
	126.10

	20-Jul-01
	23.0
	23.0
	36
	36
	4.199
	7.271
	1453.27
	255.02
	95.42
	29.19


3.2. Hyperbenthic Community

The hyperbenthic community was composed by a total of 375 functional species (every different develop stage was taking as an individual morphospecie), distributed in 8 phyla. The Phyla Cnidaria (23 morphospecies; representing 0.23% of the total density), Ctenophora (1 morphospecie; 0.001%), Anelida (29 morphospecies; 0.18%), Mollusca (35 morphospecies; 1.59%), Artropoda (204 morphospecies; 96.64%), Echinodermata (5 morphospecies; 0.08%), Chaetoganata (3 morphospecies; 0.26%) and Chordata (78 morphospecies; 1.02%). (fig. 4).
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Figure 4. Composition of hyperbenthic community: (a); number of species per Phylum and (b); number of organism per Phylum (N/100m2)

The distribution of the hyperbenthic total densities through the period of sampling (fig. 5), shows three very noticeable peaks that correspond to the New Moon tide of June 2000 (26160 and 3122 ind/100 m2 in LW and HW respectively), the New Moon tide of October 2000 (17100 and 7953 ind/100 m2, LW and HW) and the New Moon tide of November 2000 (26755 ind/100m2, in LW). All of the higher densities were recorded during low tide (LW).
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Figure 5. Total density of hyperbenthos

The mentioned peaks of June and October are the result of the abundant presence of mysids (especially Metamysidopsis sp.), representing the 99.7% of the total densities at LW and 87.2% at HW. Mysidacea was a dominant group for most of the year. A smaller peak of total hyperbenthos occurred during the high tide May 2001 with a Full Moon. 
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Four species of the Order Mysidacea were found: Bowmaniella spec 1, Mysidopsis spec1, Metamysidopsis sp. nov. 4b and Mysidacea spec 4. Since the first three proved to be very abundant they were described separately (fig. 6). Only one individual of Mysidacea Spec 4 was found in all of the samples.
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Figure 6. Densities of the three main genera of mysids found in the samplings of low water (a) and high water (b)

Dominance of Metamysidopsis sp. nov. 4b in the hyperbenthic community is visible, especially during the year 2000, being abundant during the first three months of sampling (June, July and August), followed by a decrease during September and beginnings of October and increasing again until January. Bowmaniella sp and Mysidopsis sp appeared sporadically during the sampling period, but didn’t reveal any specific pattern.
3.3 Dynamics Population of Metamysidopsis sp. nov. 4b

3.3.1 Population density and biomass

The population density and biomass for LW and HW are shown in fig. 7 (see table 2).  Differences in density and biomass between LW and HW are visible, showing higher values at LW, but can not be consider as significant (U-test p>0.005). Three peaks of density and biomass are visible at LW. The first peak occurred during June (NM), with 26136 ind/100m2 and 4490 mg ADW/100m2. These values drastically decreased until October (NM), when they increased sharply to 16753 ind/100 m2 and 1804 mg ADW/100m2. The third and major peak corresponds to November (NM) with 26418 ind/100 m2 and 36923 mg ADW/100m2. This biomass value was lower compared with the one found in June. The first two peaks correspond to the dry season and the third one to the beginning of the wet season. 

Seasonal changes were found highly significant for density (U-test p-0.004) and biomass (U-test p-0.007), between dry season and wet season at low water, while at high water the difference were not significant. Also no significant differences of density (U-test p-0.57) and biomass (U-test p-0.39) between samples of new moon and full moon were found.

At high tide, a major peak of density has been noticed during October with 7941 ind/100 m2 and 906 mg ADW/100m2. Whereas the minor peak appear during June, with 3020 indiv/100 m2 and 416 mg ADW/100m2. Both of them coincide with the two first that occurred during low tide in the dry season. The difference is the third peak, when values are drastically lower at high tide, in comparison to low tide.
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Figure 7. Temporal variation in density and biomass during LW and HW

Table 2. Density and biomass per sampling date analyzed on LW and HW

	Date


	      LW
	HW

	
	             Density

N/100 m2
	Biomass

mgADW/100m2
	      Density

    N/100 m2
	Biomass

mgADW/100m2

	2/6/2000
	26135.71
	4294.40
	3020.00
	416.11

	16/06/2000
	350.00
	28.08
	              NA
	              NA

	1/7/2000
	637.50
	78.75
	201.07
	22.03

	16/07/2000
	197.14
	15.65
	              NA
	              NA

	31/07/2000
	            -
	-
	551.07
	70.99

	15/08/2000
	124.64
	13.77
	              NA
	              NA

	23/08/2000
	258.57
	34.92
	58.93
	7.07

	13/09/2000
	440.00
	55.46
	              NA
	              NA

	27/09/2000
	191.07
	17.98
	16.07
	1.61

	13/10/2000
	906.79
	90.39
	              NA
	              NA

	27/10/2000
	16752.86
	1725.17
	7941.07
	906.37

	11/11/2000
	692.90
	78.89
	              NA
	              NA

	25/11/2000
	26417.86
	3531.98
	449.00
	49.79

	11/12/2000
	            -
	-
	            -
	            -

	23/12/2000
	45.71
	4.52
	130.00
	13.31

	9/1/2001
	85.36
	7.53
	              NA
	              NA

	24/01/2001
	1.07
	0.12
	0.71
	0.06

	8/2/2001
	81.43
	7.62
	              NA
	              NA

	23/02/2001
	6.43
	0.87
	1.07
	0.10

	9/3/2001
	16.07
	1.24
	              NA
	              NA

	24/03/2001
	118.93
	15.11
	8.21
	0.84

	7/4/2001
	5.71
	0.52
	              NA
	              NA

	23/04/2001
	150.00
	19.92
	60.00
	6.99

	7/5/2001
	4.29
	0.18
	            -
	            -

	22/05/2001
	16.43
	2.06
	22.14
	3.36

	5/6/2001
	36.07
	5.13
	              NA
	              NA

	21/06/2001
	41.07
	4.58
	1.79
	0.30

	5/7/2001
	37.14
	2.96
	              NA
	              NA

	20/7/2001
	            -
	-
	            -
	            -

	
	
	
	
	

	NA = not analyzed

- = damage 
	
	
	

	
	
	
	


3.3.2 Relation of density and biomass to environmental parameters

The results of the Spearman Rank analysis between density and biomass with the environmental parameters at low water and high water are shown in table 3. From the correlation between biomass and density with environmental parameters, only the temperature was marginally significant (p-0.65 for biomass correlation and p-0.67 for density correlation) in their relation with low water samples. Similar results were obtained from the seasonal analysis, with an exception for the low water samples during dry season, showing a significant correlation with Chlorophyll (table 3c), with a p-level = 0.020124 for biomass correlation and p-level = 0.012380 for density correlation.
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Table 3. Correlation established between biomass and density versus environmental parameters by the Spearman Rank analysis, a; annual correlation at LW, b; annual correlation at HW, c; seasonal correlation (dry season) at LW, d; seasonal correlation (wet season) at LW, e; seasonal correlation (dry season) at HW and f; seasonal correlation (dry season) at HW

	biomass
	Coefficient R*
	     t(N-2)**
	   p-level
	
	density
	Coefficient R*
	    t(N-2)**
	   p-level

	salinity
	0.1680350
	0.8350730
	0.411913
	
	salinity
	0.175356
	0.872585
	0.391536

	temperature
	-0.3670000
	-1.9327900
	0.065145
	
	temperature
	-0.364243
	-1.916040
	0.067345

	chlorophyll
	-0.2109400
	-1.0571800
	0.300955
	
	chlorophyll
	-0.238974
	-1.205660
	0.239700

	SPM
	0.0680810
	0.3343020
	0.741056
	
	SPM
	0.043449
	0.213055
	0.833084

	POM
	-0.0769800
	-0.3782450
	0.708574
	
	POM
	-0.130141
	-0.643025
	0.526304

	*Spearman R (no significant relation) 

**N = 26
	
	*Spearman R (no significant relation) 

**N = 26


[image: image76.emf]24 Mar

0.000

2.000

4.000

6.000

8.000

10.000

2.2 2.6 3 3.4 3.8 4.2 4.6 5 5.4 5.8 6.2


	biomass 
	Coefficient R*
	      t(N-2)**
	   p-level
	
	density
	Coefficient R*
	   t(N-2)**
	   p-level

	salinity
	0.125300
	0.437499
	0.669520
	
	salinity
	0.107400
	0.374208
	0.714778

	temperature
	-0.361838
	-1.344550
	0.203635
	
	temperature
	-0.328540
	-1.204990
	0.251435

	chlorophyll
	0.103197
	0.359755
	0.725282
	
	chlorophyll
	0.134066
	0.468649
	0.647720

	SPM
	0.000000
	0.000000***
	1.000000
	
	SPM
	0.000000
	0.00000***
	1.000000

	POM
	-0.274725
	-0.989759
	0.341830
	
	POM
	-0.257143
	0.921765
	0.374812

	*Spearman R (no significant relation) 

**N = 14 ***N = 11
	
	*Spearman R (no significant relation) 

**N = 14 ***N = 11
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	biomass
	Coefficient R*
	      t(N-2)**
	   p-level
	
	density
	Coefficient R*
	   t(N-2)**
	   p-level

	salinity
	-0.052344
	-0.21612
	0.831469
	
	salinity
	-0.015342
	-0.06327
	0.950293

	temperature
	-0.008930
	-0.03682
	0.971057
	
	temperature
	-0.012502
	-0.05155
	0.959487

	chlorophyll
	-0.528070
	-2.56393
	0.020124
	
	chlorophyll
	-0.561404
	-2.79711
	0.012380

	SPM
	0.164912
	0.68939
	0.499881
	
	SPM
	0.101754
	0.42173
	0.678505

	POM
	-0.244257
	-1.03856
	0.313558
	
	POM
	-0.330986
	-1.44621
	0.166305

	*Spearman R (significant relation with chlorophyll) 

**N = 19
	
	*Spearman R (significant relation with chlorophyll) 

**N = 19
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	biomass 
	Coefficient R*
	      t(N-2)**
	   p-level
	
	density 
	Coefficient R*
	   t(N-2)**
	   p-level

	salinity
	-0.074848
	-0.167836
	0.873290
	
	salinity
	-0.187120
	-0.425937
	0.687867

	temperature
	0.381881
	0.923936
	0.397917
	
	temperature
	0.272772
	0.633979
	0.553961

	chlorophyll
	0.321429
	0.759014
	0.482072
	
	chlorophyll
	0.142857
	0.322749
	0.759945

	SPM
	0.500000
	1.000000***
	0.391002
	
	SPM
	0.300000
	0.54470***
	0.623838

	POM
	0.500000
	1.000000***
	0.391002
	
	POM
	0.300000
	0.54470***
	0.623838

	*Spearman R (no significant relation)

**N = 7 ***N = 5
	
	*Spearman R (no significant relation) 

**N = 7 ***N = 5


[image: image79.emf]21 Jun

0.0000

0.4000

0.8000

1.2000

1.6000

2.0000

2.2 2.6 3 3.4 3.8 4.2 4.6 5 5.4 5.8 6.2


	biomass 
	Coefficient R*
	      t(N-2)**
	   p-level
	
	density 
	Coefficient R*
	   t(N-2)**
	   p-level

	salinity
	-0.006174
	-0.017463
	0.986495
	
	salinity
	-0.0432173
	-0.122351
	0.905639

	temperature
	0.196946
	0.568177
	0.585505
	
	temperature
	0.2769559
	0.815239
	0.438530

	chlorophyll
	-0.115152
	-0.327879
	0.751420
	
	chlorophyll
	-0.0424242
	-0.120102
	0.907364

	SPM
	0.000000
	0.000000***
	1.000000
	
	SPM
	0.0000000
	0.00000***
	1.000000

	POM
	-0.478788
	-1.542510
	0.161523
	
	POM
	-0.4545455
	-1.443375
	0.186905

	*Spearman R (no significant relation)

**N = 10 ***N = 7
	
	*Spearman R (no significant relation) 

**N = 10 ***N = 7
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	biomass
	Coefficient R*
	      t(N-2)**
	   p-level
	
	density
	Coefficient R*
	   t(N-2)**
	   p-level

	salinity
	0.200000
	0.288675
	0.800000
	
	salinity
	0.200000
	0.288675
	0.800000

	temperature
	-0.210819
	-0.304997
	0.789181
	
	temperature
	-0.210819
	-0.304997
	0.789181

	chlorophyll
	0.400000
	0.617213
	0.600000
	
	chlorophyll
	0.400000
	0.617213
	0.600000

	SPM
	-0.400000
	-0.617210
	0.600000
	
	SPM
	-0.400000
	-0.617213
	0.600000

	POM
	-0.800000
	-1.885620
	0.200000
	
	POM
	-0.800000
	-1.885618
	0.200000

	*Spearman R (no significant relation)

**N = 4
	
	*Spearman R (no significant relation) 

**N = 4


3.3.3 Population structure

The population structure of Metamysidopsis sp. nov. 4b, at low and high water is given in figures 8a and 8b respectively.  No clear patterns are distinguished, but a difference between low and high tide is observed. 

Individuals from almost all the life stages were present during new moon at low and high tide, with an exception for the juveniles. These were almost always absent, appearing only during the new moon of September (2000) at low and high tide and during July (2001) at low tide. 

The incidence of females (sub-adult females, adult females and gravid females), varied from 5% to 85% at low tide and from 0 to 100% at high tide. The overall incidence of female was 51% (SD±22) at low water and 67% (SD±26) at high water.
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Figure 8. Population structure at LW (a) and HW (b)

Composition of gravid females with the three embryo stages are shown in fig. 9. The gravid females were present three times in the sampling year at low water and high water; from June to July, from August to January and from April to July, having the major values during August (2000) and April (2001).
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Figure 9. Composition of gravid females at low water (a) and high water (b)

3.3.4 Size length distribution

The size-length frequency distribution per sampling date at low and high tide were graphed and shown in figures 10 and 11 respectively (see also the appendix). Five different scales were used in these graphs, due to the extreme differences in number of organism per size class at low water and high water (a minimum of 0.3 N/100m2 during January 2001 at HW and a maximum of 6300 N/100m2 during beginnings of June 2000 at LW). Cohort differentiation was not possible. Size-length frequency fluctuates during the whole year, possibly due to a continuous reproductive cycle. 

Figure 10. Metamysidopsis sp. nov. 4b. Length-frequency distribution per sampling at low water, 2000-2001.  The x-axes are N/100m2 in five different scales indicates with asterisks. *: 0-2 N/100m2; **: 0-10 N/100m2; ***:0-40 N/100m2; ****: 0-200 N/100m2and *****: 0-7000 N/100m2. The y-axes are 0.2 mm classes with class marks of 2.2 to 6.4 mm
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Figure 11. Metamysidopsis sp. nov. 4b. Length-frequency distribution per sampling at high water, 2000-2001.  The x-axes are N/100m2 in five different scales indicates with asterisks. *: 0-2 N/100m2; **: 0-10 N/100m2; ***:0-40 N/100m2; ****: 0-200 N/100m2and *****: 0-2000 N/100m2. The y-axes are 0.2 mm classes with class marks of 2.2 to 6.4 mm
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The general results of the Kruskall-Wallis test (pair wise comparison), of adult females and males between sexes and tides are shown in table 4. In a general view not significant results were found in each pair comparison (p>0.05). 

Table 4. General comparison of adult females and males between sexes and tides by the Kruskall-Wallis test

	Comparison
	p-value

	Females and males at LW
	p-0.4616

	Females and males at HW
	p-0.4457

	Females at LW and females at HW
	p-0.4557

	Males at LW and males at HW
	p-0.4495


Graphs of mean standard length and their standard deviation of adult males and females, showing the size at maturity during low and high water, are depicted in fig. 12. From a general view, during high water, adult females and males were found in larger sizes than during low water, but without significant difference. Also differences in size between sexes were observed, been adult females larger in sizes than adult males. The average size of adult females at HW was 4.66 mm (SD±0.33) and a maximum size of 5.05 mm, while at LW the average was 4.56 mm (SD±0.34) and the maximum size of 5.02 mm. For adult males the average size at HW was 4.43 mm (SD±0.23) and a maximum size of 4.87 mm, while at LW the average was 4.34 mm (SD±0.26) and the maximum size of 4.76 mm.

Seasonal differences in length size between adult females and males are exposed in table 5 and fig. 13. Adult male were found in larger size during dry season (November to May), than during wet season (June to October), while adult females were larger during wet season than during dry season.

Table 5. Seasonal length measurement at LW and HW

	 
	Wet season
	Dry season

	 
	female
	male
	female
	male

	 
	LW
	HW
	LW
	HW
	LW
	HW
	LW
	HW

	Mean (mm)
	4.52
	4.73
	4.36
	4.46
	4.79
	4.72
	3.88
	4.39

	SD
	0.47
	0.36
	0.4
	0.28
	0.35
	0.26
	0.35
	0.19

	Max size (mm)
	5.23
	5.21
	4.76
	4.87
	5.69
	5.29
	4.49
	4.55

	Min size (mm)
	3.44
	3.83
	3.67
	4.06
	3.99
	4.17
	3.48
	4.03
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Figure 12. Mean standard length and standard deviation of adult females and males at LW and HW.


[image: image63.wmf]females LW 

females HW

02-Jun

01-Jul

23-Aug

27-Sep

27-Oct

25-Nov

09-Jan

24-Jan

23-Feb

24-Mar

23-Apr

22-May

21-Jun

3.0

3.5

4.0

4.5

5.0

5.5

6.0

lenght (mm)



[image: image64.wmf] males LW

 male HW

02-Jun

01-Jul

23-Aug

27-Sep

27-Oct

25-Nov

09-Jan

24-Jan

23-Feb

24-Mar

23-Apr

22-May

21-Jun

3.0

3.5

4.0

4.5

5.0

5.5

6.0

lenght(mm)


Figure 13. Mean standard length and standard deviation of adult females and males between tides.

3.3.5 Sex ratio

For all the specimens, the incidence of females (subadult, adult non gravid and gravid females from the three embryo stage and from both tides) varied from 0 to 100% (see figure 8). The average incidence of females, between females and males was 51% (SD±22) at low water, with a maximum occurrence of 85% at the beginning of June 2000 and a minimum of 5% at the beginning of May 2001. At high water the average incidence was 67% (SD±26), with a maximum occurrence of 100% during January 2001 and July 2001, and a minimum of 0% at February 2001. The ratio males/females were 1:1.5 at low water and 1:2.6 at high water. 

3.3.6 Fecundity

The average percentage of gravid female (embryos at stage 1, 2 and 3) from the total number of adult females was 4.5% at low tide and 2.2% at high tide. Almost all the gravid females at both low and high tide appeared during dry season. More than 50% of the total number gravid females (all the year, both tides), were carrying ‘stage 2’ embryos, with a mean size of 4.8 mm (SD±0.41). Female gravid with ‘1 stage’ embryo were present in a 27%, with a mean size of 4.81 mm (SD±56), while female with ‘3 stage’ embryo were just present in a 16% with a mean standard length size of 4.89 mm (SD±0.35).

The brood size-length relationship is shown in fig.14. The number of larvae from the ‘3 stages’ in the marsupium or brood size (BS), showed a positive correlation (p<0.001), with the standard length of gravid females (SL). 

BS = 0.0078*exp(1.1229*SL)

n=143, r = 0.9016, p<0.001
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Figure 14. Metamysidopsis sp. nov. 4b. Relation between female length and brood size (all data)

The maximum brood size reported in this study was 7 (stage 2 embryos) for a female of 4.41 mm, and the minimum was 1 for stage 1, 2 and 3 embryos for females of 3.96 mm, 3.85 mm and 4.4 mm respectively.

3.4 Production 

Tables 6 to 9 give the calculations for the production estimate using the size-frequency method. The following procedure was followed for the calculations:  

The number of mysids (column 2) is obtained as the sum of all the mysids belonging to a specific size class over their life span. This sum is divided by the number of sampling days (column 3). In this method production is estimated as the sum of losses of weight between successive size classes (column 8) each multiplied by the total number of size classes (column 9). The loss of weight between consecutive size categories is obtained as a product of the change in number between the pairs (column 4) and the mean between them (column 7). The weight of each size class (column 5) is determined by regressing the mid length of the size class (column 1) on the ADW using the length-weight regression proposed by Mees et al (1994) given in section 3. The mean weight between successive size classes (column 7) is determined as the geometric mean of the weights of the pairs. Biomass (column 6) of the size classes is calculated as the product of the density (column 2) and the corresponding weight of each size category (column 5) divided by the number of sampling days. The sum of all these biomasses provides the total biomass of the cohort.

Table 6. Production estimate of Metamysidopsis sp. nov. 4b at LW (females)

	standard length
	no/100m2
	no/26
	nj-nj+1
	weight
	biomass
	average weight
	biomass lost
	biomass/21
	

	
	
	
	
	
	
	
	
	
	

	2.2
	0.000
	
	
	0.023
	
	
	
	
	

	2.4
	0.208
	0.008
	-0.008
	0.029
	0.000
	0.026
	0.000
	-0.004
	

	2.6
	2.759
	0.106
	-0.098
	0.034
	0.004
	0.031
	-0.003
	-0.064
	

	2.8
	14.648
	0.563
	-0.457
	0.041
	0.023
	0.037
	-0.017
	-0.356
	

	3
	174.335
	6.705
	-6.142
	0.047
	0.318
	0.044
	-0.268
	-5.621
	

	3.2
	185.450
	7.133
	-0.427
	0.055
	0.392
	0.051
	-0.022
	-0.455
	

	3.4
	339.976
	13.076
	-5.943
	0.063
	0.824
	0.058
	-0.347
	-7.291
	

	3.6
	1039.263
	39.972
	-26.896
	0.072
	2.866
	0.067
	-1.795
	-37.702
	

	3.8
	2111.019
	81.193
	-41.221
	0.081
	6.582
	0.076
	-3.121
	-65.542
	

	4
	1107.284
	42.588
	38.605
	0.091
	3.878
	0.085
	3.293
	69.163
	

	4.2
	1606.545
	61.790
	-19.202
	0.102
	6.284
	0.096
	-1.835
	-38.532
	

	4.4
	1850.223
	71.162
	-9.372
	0.113
	8.043
	0.106
	-0.998
	-20.951
	

	4.6
	1937.443
	74.517
	-3.355
	0.125
	9.315
	0.118
	-0.396
	-8.313
	

	4.8
	7590.808
	291.954
	-217.437
	0.138
	40.191
	0.130
	-28.317
	-594.653
	

	5
	8502.260
	327.010
	-35.056
	0.151
	49.382
	0.143
	-5.018
	-105.370
	

	5.2
	3957.228
	152.201
	174.809
	0.165
	25.121
	0.157
	27.396
	575.319
	

	5.4
	5007.204
	192.585
	-40.384
	0.180
	34.626
	0.171
	-6.906
	-145.018
	

	5.6
	2646.131
	101.774
	90.811
	0.195
	19.871
	0.186
	16.889
	354.668
	

	5.8
	5271.656
	202.756
	-100.982
	0.211
	42.865
	0.202
	-20.365
	-427.657
	

	6
	2.858
	0.110
	202.646
	0.228
	0.025
	0.218
	44.190
	927.991
	

	6.2
	75.593
	2.907
	-2.798
	0.246
	0.715
	0.235
	-0.658
	-13.817
	

	6.4
	531.305
	20.435
	-17.527
	0.264
	5.400
	0.253
	-4.435
	-93.134
	

	
	
	
	
	
	
	
	
	
	

	
	
	total biomass 
	
	256.725
	min production p*365/60 
	2206.190
	mgADW/100m2

	
	
	
	
	
	
	mean production p*365/30 
	4412.380
	mgADW/100m2

	
	
	
	
	
	
	max production p*365/14 
	9455.101
	mgADW/100m2

	
	
	
	
	
	
	min P/B 
	
	8.594
	

	
	
	
	
	
	
	mean P/B 
	
	17.187
	

	
	
	
	
	
	
	max P/B 
	
	36.830
	


Table 7. Production estimate of Metamysidopsis sp. nov. 4b at LW (males)

	standard length
	no/100m2
	no/26
	nj-nj+1
	weight
	biomass
	average weight
	biomass lost
	biomass/17
	

	
	
	
	
	
	
	
	
	
	

	2.2
	0.000
	
	
	0.023
	
	
	
	
	

	2.4
	0.851
	0.033
	-0.033
	0.029
	0.001
	0.026
	-0.001
	-0.014
	

	2.6
	0.802
	0.031
	0.002
	0.034
	0.001
	0.031
	0.000
	0.001
	

	2.8
	198.127
	7.620
	-7.589
	0.041
	0.309
	0.037
	-0.281
	-4.782
	

	3
	29.713
	1.143
	6.477
	0.047
	0.054
	0.044
	0.282
	4.799
	

	3.2
	572.698
	22.027
	-20.884
	0.055
	1.209
	0.051
	-1.059
	-17.999
	

	3.4
	1513.180
	58.199
	-36.172
	0.063
	3.666
	0.058
	-2.113
	-35.922
	

	3.6
	2372.322
	91.243
	-33.044
	0.072
	6.543
	0.067
	-2.206
	-37.498
	

	3.8
	2585.188
	99.430
	-8.187
	0.081
	8.060
	0.076
	-0.620
	-10.538
	

	4
	2274.121
	87.466
	11.964
	0.091
	7.964
	0.085
	1.021
	17.352
	

	4.2
	3436.353
	132.167
	-44.701
	0.102
	13.442
	0.096
	-4.271
	-72.613
	

	4.4
	5262.869
	202.418
	-70.251
	0.113
	22.877
	0.106
	-7.478
	-127.127
	

	4.6
	3504.458
	134.787
	67.631
	0.125
	16.849
	0.118
	7.981
	135.673
	

	4.8
	3182.831
	122.417
	12.370
	0.138
	16.852
	0.130
	1.611
	27.387
	

	5
	1030.266
	39.626
	82.791
	0.151
	5.984
	0.143
	11.850
	201.452
	

	5.2
	2440.686
	93.873
	-54.247
	0.165
	15.494
	0.157
	-8.502
	-144.527
	

	5.4
	710.182
	27.315
	66.558
	0.180
	4.911
	0.171
	11.381
	193.485
	

	5.6
	682.725
	26.259
	1.056
	0.195
	5.127
	0.186
	0.196
	3.339
	

	5.8
	0.000
	0.000
	26.259
	0.211
	0.000
	0.202
	5.295
	90.023
	

	6
	0.000
	0.000
	0.000
	0.228
	0.000
	0.218
	0.000
	0.000
	

	6.2
	0.000
	0.000
	0.000
	0.246
	0.000
	0.235
	0.000
	0.000
	

	6.4
	0.000
	0.000
	0.000
	0.264
	0.000
	0.253
	0.000
	0.000
	

	
	
	
	
	
	
	
	
	
	

	
	
	total biomass 
	
	129.344
	min production p*365/60 
	1353.476
	mgADW/100m2

	
	
	
	
	
	
	mean production p*365/30 
	2706.951
	mgADW/100m2

	
	
	
	
	
	
	max production p*365/14 
	5800.610
	mgADW/100m2

	
	
	
	
	
	
	min P/B 
	
	10.464
	

	
	
	
	
	
	
	mean P/B 
	
	20.928
	

	
	
	
	
	
	
	max P/B 
	
	44.846
	


Table 8. Production estimate of Metamysidopsis sp. nov. 4b at HW (females)

	standard length
	no/100m2
	no/14
	nj-nj+1
	weight
	biomass
	average weight
	biomass lost
	biomass/19
	

	2.2
	0.000
	
	
	0.023
	
	
	
	
	

	2.4
	0.170
	0.012
	-0.012
	0.029
	0.000
	0.026
	0.000
	-0.006
	

	2.6
	0.511
	0.037
	-0.024
	0.034
	0.001
	0.031
	-0.001
	-0.014
	

	2.8
	9.317
	0.666
	-0.629
	0.041
	0.027
	0.037
	-0.023
	-0.443
	

	3
	15.987
	1.142
	-0.476
	0.047
	0.054
	0.044
	-0.021
	-0.395
	

	3.2
	6.780
	0.484
	0.658
	0.055
	0.027
	0.051
	0.033
	0.633
	

	3.4
	23.985
	1.713
	-1.229
	0.063
	0.108
	0.058
	-0.072
	-1.364
	

	3.6
	207.977
	14.855
	-13.142
	0.072
	1.065
	0.067
	-0.877
	-16.668
	

	3.8
	277.451
	19.818
	-4.962
	0.081
	1.606
	0.076
	-0.376
	-7.139
	

	4
	302.733
	21.624
	-1.806
	0.091
	1.969
	0.085
	-0.154
	-2.927
	

	4.2
	1270.675
	90.763
	-69.139
	0.102
	9.231
	0.096
	-6.606
	-125.522
	

	4.4
	592.453
	42.318
	48.444
	0.113
	4.783
	0.106
	5.157
	97.979
	

	4.6
	2473.841
	176.703
	-134.385
	0.125
	22.088
	0.118
	-15.858
	-301.301
	

	4.8
	1031.832
	73.702
	103.001
	0.138
	10.146
	0.130
	13.414
	254.861
	

	5
	1679.358
	119.954
	-46.252
	0.151
	18.114
	0.143
	-6.620
	-125.783
	

	5.2
	749.418
	53.530
	66.424
	0.165
	8.835
	0.157
	10.410
	197.791
	

	5.4
	299.076
	21.363
	32.167
	0.180
	3.841
	0.171
	5.501
	104.512
	

	5.6
	51.141
	3.653
	17.710
	0.195
	0.713
	0.186
	3.294
	62.579
	

	5.8
	1.486
	0.106
	3.547
	0.211
	0.022
	0.202
	0.715
	13.590
	

	6
	0.402
	0.029
	0.077
	0.228
	0.007
	0.218
	0.017
	0.321
	

	6.2
	0.000
	0.000
	0.029
	0.246
	0.000
	0.235
	0.007
	0.128
	

	6.4
	0.000
	0.000
	0.000
	0.264
	0.000
	0.253
	0.000
	0.000
	

	
	
	
	
	
	
	
	
	
	

	
	
	total biomass 
	
	82.639
	min production p*365/60 
	917.567
	mgADW/100m2

	
	
	
	
	
	
	mean production p*365/30 
	1835.134
	mgADW/100m2

	
	
	
	
	
	
	max production p*365/14 
	3932.430
	mgADW/100m2

	
	
	
	
	
	
	min P/B 
	
	11.103
	

	
	
	
	
	
	
	mean P/B 
	
	22.207
	

	
	
	
	
	
	
	max P/B 
	
	47.586
	


Table 9. Production estimate of Metamysidopsis sp. nov. 4b at LW (males)

	standard length
	no/100m2
	no/14
	nj-nj+1
	weight
	biomass
	average weight
	biomass lost
	biomass/18
	

	
	
	
	
	
	
	
	
	
	

	2.2
	0.000
	
	
	0.023
	
	
	
	
	

	2.4
	0.170
	0.012
	-0.012
	0.029
	0.000
	0.026
	0.000
	-0.006
	

	2.6
	0.511
	0.037
	-0.024
	0.034
	0.001
	0.031
	-0.001
	-0.014
	

	2.8
	2.385
	0.170
	-0.134
	0.041
	0.007
	0.037
	-0.005
	-0.089
	

	3
	3.982
	0.284
	-0.114
	0.047
	0.013
	0.044
	-0.005
	-0.089
	

	3.2
	65.273
	4.662
	-4.378
	0.055
	0.256
	0.051
	-0.222
	-3.995
	

	3.4
	77.173
	5.512
	-0.850
	0.063
	0.347
	0.058
	-0.050
	-0.894
	

	3.6
	421.488
	30.106
	-24.594
	0.072
	2.159
	0.067
	-1.642
	-29.551
	

	3.8
	424.174
	30.298
	-0.192
	0.081
	2.456
	0.076
	-0.015
	-0.261
	

	4
	531.662
	37.976
	-7.678
	0.091
	3.458
	0.085
	-0.655
	-11.790
	

	4.2
	829.649
	59.261
	-21.285
	0.102
	6.027
	0.096
	-2.034
	-36.609
	

	4.4
	676.926
	48.352
	10.909
	0.113
	5.465
	0.106
	1.161
	20.902
	

	4.6
	191.879
	13.706
	34.646
	0.125
	1.713
	0.118
	4.088
	73.591
	

	4.8
	145.546
	10.396
	3.310
	0.138
	1.431
	0.130
	0.431
	7.758
	

	5
	38.237
	2.731
	7.665
	0.151
	0.412
	0.143
	1.097
	19.748
	

	5.2
	54.996
	3.928
	-1.197
	0.165
	0.648
	0.157
	-0.188
	-3.377
	

	5.4
	0.375
	0.027
	3.901
	0.180
	0.005
	0.171
	0.667
	12.009
	

	5.6
	0.751
	0.054
	-0.027
	0.195
	0.010
	0.186
	-0.005
	-0.090
	

	5.8
	1.102
	0.079
	-0.025
	0.211
	0.017
	0.202
	-0.005
	-0.091
	

	6
	0.000
	0.000
	0.079
	0.228
	0.000
	0.218
	0.017
	0.309
	

	6.2
	0.000
	0.000
	0.000
	0.246
	0.000
	0.235
	0.000
	0.000
	

	6.4
	0.000
	0.000
	0.000
	0.264
	0.000
	0.253
	0.000
	0.000
	

	
	
	
	
	
	
	
	
	
	

	
	
	total biomass 
	
	24.427
	min production p*365/60 
	288.721
	mgADW/100m2

	
	
	
	
	
	
	mean production p*365/30 
	577.441
	mgADW/100m2

	
	
	
	
	
	
	max production p*365/14 
	1237.374
	mgADW/100m2

	
	
	
	
	
	
	min P/B 
	
	11.820
	

	
	
	
	
	
	
	mean P/B 
	
	23.639
	

	
	
	
	
	
	
	max P/B 
	
	50.656
	


As a summary of the production estimate, at LW and HW, using the size-frequency method, with sexes separates and without cohort division, we have:

	         Tide
	Production

(mgADW/100m2)
	Biomass

(mgADW/100m2)
	P/B ratio

	
	MIN

(60 days)
	MEAN

(30 days)
	MAX

(14 days)
	TOTAL
	MIN

(60 days)
	MEAN

(30 days)
	MAX

(14 days)

	LW
	3559.666
	7119.332
	15255.711
	386.070
	19.058
	38.115
	81.676

	HW
	1206.288
	2412.575
	5169.804
	107.066
	22.923
	45.846
	96.241


Differences between estimates of production, biomass and P/B ratio between low water and high water are noticeable. The results of the annual production at low water were found higher than estimates at high water, with a 66%. Biomass estimates were also higher at LW than at HW, with a difference of 72%. Whereas estimates between P/B ratio were found higher at HW than at LW with a less marked variation (17%) than those obtained for production an biomass.
4. Discussion 

The species densities have been expressed based on the area (ind/100m2), following the methodology described by Domínguez (2001). Since the capture efficiency of the hyperbenthic sledge used is unknown, the densities reported should only be considered as a minimum estimate (Mees and Jones, 1997; Domínguez, 2001; Ruiz, 2002). The methodological strategy of one sample per tide per sampling date is justified by the time cost, which is approximately 30 min, and could produce differences in environmental factors as tide or wind in the next replicates. Also, the swarms areas of mysids that can be 50 m long (Hamerlynck and Mees, 1991), justified the samples along of 200 meters back and forth, in order to reduce the average error.

Differences in the hyperbenthic composition between the communities of low and high water (both during the day) have not been identified (Ruiz, 2002). However, Lock et al (1999) and other authors (Colman and Segrove, 1955; De Ruyck et al., 1992; Takahashi and Kawaguchi, 1997) have confirmed that a great number of species occupy the intertidal zone during specific times of the tidal and daily cycle. Domínguez (2001), in his circadian study in the same study zone, found the greatest variations were associated with the day/night cycle. This author found a community completely different from the rest during the high tide at night, mainly dominated by brachyuran crabs in several growth stages. In the same way some studies have reported that the fish larvae and shrimps appear abundantly during the nocturnal high tide (Young and Carpenter, 1977; Lasiak, 1983; Peters, 1984).

The Mysidacean group was the most dominant in almost all the samples (high and low tide from dry and wet season,) with Metamysidopsis sp. nov. 4b as the most abundant for this group. It represents an average of 98% of the total density of the samples. Similar results have been found in other regions of the world, recognizing Mysidacea as a group of great importance in the hyperbenthos (Mauchline, 1980; Wooldridge, 1983; Mees and Jones, 1997; Zouhiri et al., 1998; Lock et al., 1999; Beyst et al., 2001; Ruiz, 2002; Guartatanga et al., 2003).
This study should be taken as a pilot study on Metamysidopsis sp novo 4b, since it is an unknown species and because no literature is available. Not all the methods used to study population dynamics of mysids from field data, were applied in this study. This is mainly due to some data problems, as heterogeneity in the number of analyzed samples due to time availability and sample damages. For that reason, it wasn’t possible to identify cohort separation or number of generations per year.

No visible seasonal variation of density and biomass of Metamysidopsis sp. nov. 4b were found. Three noticeable peaks of abundance were present during low water and two during high water, coinciding with the transition period in temperature changes between seasons (see 3.1). However, no patters are differentiated during the rest of the year. The correlation between biomass and density with temperature at HW were not significant, while it was at LW. In temperate regions, environmental parameters, especially temperature are used to explain the mysid’s population dynamics (Hanamura, 1998; Gama et al., 2006; 2002). 

Over the study period, the abundance of Metamysidopsis sp. nov. 4b greatly fluctuated at low water and high water. Similar results were found in some local studies. Guartatanga et al (2003) also report a dominance of Mysids (39%) in the hyperbenthic community in the region and Calles et al (2002) report 98% of Mysids of the total hyperbenthos density in the same area in the period from August 1999 to February 2001. Nevertheless, Dominguez (2001) did not found dominance of mysids in his circadian study realized during February of 2000.

At a depth of 1 meter, as in this study, adult females appear to be dominant (>50%) over males during low and high water, coinciding with the results obtained by  Hanamura (1998) for the surf zone mysid Archaeomysis articulate, who report dominance of females over males. The juvenile stages in the present study were almost absent along the year. This could be a consequence of the use of the low efficiency of the mesh size for catching individuals at an early stage. Another reason could be the spatial segregation, that nearshore mysids have been known to present among different life stages within a same species (Clutter, 1967). Siegfried (1979) found that juveniles of Neomysis mercedis tend to be higher in the water column during daylight than mature mysids. Also Välipakka (1992) report adults of Neomysis integer in dense swarms near the shore margins or in tidal marshes at certain phases of the tidal cycle in estuaries and juveniles in the deeper water. Horizontal segregation was also reported for N. integer, where adults were situated more upstream along the subtidal, longitudinal estuarine gradient than the juveniles (Fockedey, 2004). On the other hand the possibility of cannibalism between adults and juveniles mysids was report for Mysis relicta by Quirt and Lasenby (2002) where sub adults and juveniles avoid water that can contain adult mysids.
Differences in sizes at maturity between tides and between sexes were not significant, but adult females and males were observed larger at high water during the wet season, while adult females and males at low water have been observed larger during the dry season. In an overall view, females have been found larger than males, coinciding with other mysids such as Metamysidopsis elongata atlantica and Metamysidopsis munda, which showed an average size of the mature females larger than the adult males (Gusmão et al, 2001). Seasonal changes in the size at maturity were reported by some authors (Abdulkerim, 1992; Hanamura, 1999). 

The total percentage of gravid female from the total of adult females was 4.5 at low tide and 2.2 at high tide. This small proportion of gravid females together with the small brood size could be due to the sample manipulation or to a possible degradation of the samples during the long preservation period (4 years).

The production estimates obtained in this work should be taken as a pilot study. Different factors, for instance (a) sampling and methodological problems such as unknown net sampling efficiency or a unique sample per date per tide, (b) known mysid capacity to avoid nets (Mauchline, 1980), (c) inadequate preservation and un-intended manipulation of specimens or (d) a possible water column zonation for the different growth stages (Siegfried, 1979), all may have contributed to the decrease the reliability of this results. It could also explain the absence of juveniles in almost all the samples, producing an underestimation of their abundance.

Biomass determination was done using the length-weight regression proposed by Mees et al (1994) for Neomysis integer. This species belongs to the similar taxonomical group as Metamysidopsis sp. nov. 4b, but these organisms live in different geographical regions and environments. Therefore the obtained estimates should be taken as an approximation of the real value.  

Mees et al (1994) recommends to use the size frequency method “only for populations that can easily be disaggregated into cohorts and/or sexes with more uniform life-history characteristics”. One of the basic assumptions when the size frequency method is used is that all the individuals of the species should have the capability to grow to the same size (Hamilton 1969). In this study, a difference between the sizes of females and males was observed but no significant difference was found and no cohort division was done as it would lead to an overestimate (Mees et al., 1994).

Noticeable peaks in density and biomass data were found in this study. This heterogeneity between the organism density per sampling date along the year could be a consequence of the tendency of mysids to group themselves in patches (Mauchline, 1980) and therefore the high densities are not necessarily due to an increase of the population by production or immigration, but could be a consequence of the incursions of these patches (Ruiz, 2002).

Highest estimates of productions have been obtained at low tide; this might be a consequence of the sampling time (early morning). In the early morning, mysids could be in a migration period, making them easier to catch. Another reason might be the habits of some mysids as Metamysidopsis elongata, to live in the sediment surface, and to migrate towards the water surface at night (Clutter, 1967-1969). In comparison with other mysid species as Neomysis integer, which annual production amount is about 162 mg ADW.m-2.yr-1 (Abdulkerim, 1992; Mees et al., 1994), Metamysidopsis sp. nov. 4b present a colossal difference, with an mean annual estimate (CPI:30 days) about 7100 mg ADW.m-2.yr-1 at low water and 2400 mg ADW.m-2.yr-1 at high water. This noticeable difference could be due to the well known climatologic differences between the temperate regions and the tropical regions, which influence the life cycle of their organism.
5. Conclusion

The hyperbenthic community of Valdivia Bay is characterized by a variety of species, generally appearing in lowest densities. The group Mysidacea showed a perceptible dominance, in agreement with other studies of hyperbenthos in the surf zone around the world. The mysid specie Metamysidopsis sp. nov. 4b, dominates the community throughout the year, being remarkable during the dry season.

Three peaks of abundance of Metamysidopsis sp. nov. 4b were found during the dry season with a drastic decrease during the wet season.

No evident seasonal or tidal correlation between biomass and density of Metamysidopsis sp. nov. 4b with environmental parameters was found, excepting the negative correlation between temperature and chlorophyll with the samples at low water.  It could explain the great fluctuation of the abundance of Metamysidopsis sp. nov. 4b, through the year.  

The composition of Metamysidopsis sp. nov. 4b population exposed a dominance of females over males at low water and high water, confirming the established for other mysid species in the world. Also a shortage of juveniles along the year is remarkable. The different reasons could be: the use of an inadequate mesh size to catch this early growth stage, the spatial segregation and cannibalism.

The size at maturity was found larger for females than for males in the population of Metamysidopsis sp. nov. 4b, coinciding with studies for other mysid species.

The small percentage of gravid females as well as the brood size in the population of Metamysidopsis sp. nov. 4b, could be due to the sample manipulation or to a possible degradation of the samples during the long preservation period.

The fecundity of the females shows a strong positive correlation to their length.

The production estimate of Metamysidopsis sp. nov. 4b, obtained with the size frequency method and the minimum, mean and maximum CPI, yielded different results between low water and high water. Estimate at low water are between 3000 mg ADW.m-2.yr-1 and 15000 mg ADW.m-2.yr-1.and at high water between 1000 mg ADW.m-2.yr-1 and 5000 mg ADW.m-2.yr-1. 

The estimate of annual P/B ration of Metamysidopsis sp. nov. 4b is placed between 19 and 80 at low water and between 20 and 90 at high water.

As a pilot study of the new specie Metamysidopsis sp. nov. 4b, the results and estimates present in this research should be corroborating by other field and laboratory investigations. The sampling frequency should be increased and performed within a generation time. The growth, size at maturity and fecundity determination should be done by laboratory experiments. 
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