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Abstract
Some benthic assemblages studies have tested the effects of different preservation procedures on biomass, but their influence on quantitative patterns (number of species and abundance) is still unclear. We evaluated the influence of two sample preservation procedures on quantitative patterns in benthic ecology. Ten sampling points were systematically interspersed on two types of sediment (sandy and muddy). At each sediment type, samples from five sampling points were fixed in 10% formalin, and the other five points were preserved in 70% ethanol (without previous fixation). Three replicates were collected at each sampling point, and samples were washed in 0.5 mesh size and sorted in laboratory. A cost/benefit analysis was performed considering the washing time in laboratory and the costs of substances. A total of 1970 individuals were collected (muddy sediment: 132; sandy sediment: 1838), belonging to 121 taxa (muddy: 49; sandy: 83). Assemblages preserved in ethanol were composed of 795 individuals and 80 taxa, while those fixed with formalin had 1173 individuals and 94 taxa. Polychaeta predominated as the most abundant group for both preservation procedures. For the whole benthic community, significant differences occurred only between sediment types. Significant differences in the number of individuals of polychaetes were observed for the different preservation procedures in sandy sediment. Ethanol has the best cost/benefit ratio in both sediment types due to additional costs to attend safety requirements for formalin-fixed samples. Further studies should evaluate how quantitative patterns are affected by exposure time of preservation, anesthesia interaction, and morphological deformations (e.g. impossibility of identification).
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Background
Soft bottom benthic macrofaunal assemblages are composed of several groups of invertebrates, and the most abundant groups are often polychaetes, crustaceans, and mollusks [e.g. 1]. The most appropriate sampling and preservation procedures for these organisms have been described in the literature [e.g. 2, 3], and different substances for anesthesia, fixation, and preservation were suggested for each taxonomic group [2]. However, in benthic assemblage studies the entire biological sample is stored using the same substance, since separating the groups by using specific preservation procedures would be, in the best scenario, extremely labor intensive. The commonly used sample preservation procedures are: (1) fixation in 4–10% formalin and subsequent preservation in 70% ethanol; or (2) simply preservation in 70% ethanol, without use of fixative substance [4].
Although 10% formalin (4% formaldehyde) is one of the most commonly used substances for fixing benthic invertebrates, its use requires some precautions. To avoid osmotic imbalances in marine organisms, dilution of formalin into seawater is advised [2]. Furthermore, formalin solutions usually get oxidized to form formic acid [5], which can cause deformation to the specimens if stored by long periods of time. In that case, to neutralize the substance, borax (sodium borate) or hexamine (hexamethylenetetramine) are frequently added [3]. In addition, formalin contains toxic compounds that have carcinogenic effects [e.g. 6, 7], and special care is required to handle samples containing this substance.
Due to the problems mentioned above, some researchers prefer to use only ethanol (a less toxic substance) to preserve the samples collected. However, the use of this substance to preserve samples in field presents some disadvantages, mainly due to its volatility [2]. There is a precipitate formation when the ethanol is mixed with seawater, which can also cause the separation of lamellibranch molluscs from their shells [3].
Studies evaluating the influence of different preservation procedures on benthic invertebrates are scarce. Most of the researches published to date have analyzed the effects of these procedures on biomass estimates of benthic organisms [e.g. 8–13]. These studies have generally analyzed the effect of these procedures on a few species. Few studies have examined the influence of the preservative substances on the morphological characters of invertebrates [14]. Furthermore, there are no studies evaluating potential losses of benthic material and/or the impossibility of identification due to preservation procedures.
In the present study we evaluated the influence of two sample preservation procedures, with and without formalin fixation, on benthic data in sandy and muddy sediments. Univariate quantitative patterns (number of taxa and individuals) and multivariate patterns (assemblage structure) were analyzed. We also tested potential differences for polychaetes separately, since this group has a relatively fragile body and the direct storage of this taxon in ethanol may cause deformations in morphological structures [see 2].

Methods
Study area
The present study was carried out in Todos os Santos Bay (TSB), which is the second largest Brazilian coastal bay with an area of approximately 1233 km2 [15]. There are more than three million people and several large port terminals around this bay. Despite the strong human impact the TSB still has significant extension of coral reefs, mangroves, and estuaries. Sampling was performed in the shallow infralittoral of two sampling sites: in a muddy sediment area situated in front of Inema Beach (12°49′21.9″S and 30°29′34.1″W), and in a sandy sediment patch close to Ribeira Beach (12°53′51.5″S and 38°30′11.5″W). Inema is located close to Aratu Bay, and the sampled area presented sediments with predominance of fines (silt and clay) and average depth of six meters. The sampling site close to Ribeira is between the Salvador channel and the Itapagipe Bay, and the sediments were predominantly sandy (large amount of carbonate biodetrites) with average depth of five meters.

Sampling procedures
Sampling was performed in May 2009. In each sediment type, we set 10 sampling points systematically interspersed [see 16], at a distance of 10 meters from each other. These sampling points were interspersed according to the sample preservation procedure, totaling five points for each one (Fig. 1). We chose this sampling design mainly based in two aspects: (1) independence of treatments (preservation procedures), which was necessary for the used inferential analysis (ANOVA); and (2) the influence of small-scale variability (patches). As stated by Hurlbert [16], a systematic interspersed design is preferable to a randomized one especially if the spacing interval does not coincide with some periodically varying property of the experimental area. In that case, we restricted the sampling area to avoid sediment patches (which is a real problem in randomly sampling) and we ensure that there was no undesirable difference in the sampled area (troughs/ripples, wrack piles, etc.).[image: A10152_2017_501_Fig1_HTML.gif]
Fig. 1Schematic overview of the systematic interspersed sampling design applied in both sites. E ethanol; FE formalin and ethanol




                        
At each sampling point, divers haphazardly collected three sediment samples using PVC (Polyvinyl chloride) corers (15 cm depth/10 cm diameter/0.008 m2/1.2 L). Each benthic sample was separately washed in situ through 0.5 mm mesh size and stored in properly labeled plastic bags containing the respective fixing substance (ethanol or formalin). The 70% ethanol was prepared in the laboratory by adding 370 mL of water to 1 L of 96° GL ethanol (not methylated), which provided a total of 1.37 L of 70% ethanol per each original concentration bottle. Formalin was diluted in seawater, in the fieldwork, to avoid osmotic unbalances in organisms. Each 100 mL of 37% formaldehyde was diluted into 900 mL of seawater to reach 1 L of 10% formalin. Samples were stored in a laboratory freezer to minimize the volatility, and sieving started 20 days after sampling. Samples containing formalin or ethanol were washed again to remove the fixing substance and sorted using a stereoscopic microscope. To avoid possible differences due the storage time of samples, we analyzed the same amount of ethanol and formalin preserved samples each sieving day during almost 1 month. The 10% formalin-fixed samples were washed in a laboratory fume hood, using all necessary personal protective equipment—PPE (lab coat, mask, safety glasses, gloves). All specimens were identified to lowest possible taxonomic level (i.e. species or morphotypes) and later preserved in 70% ethanol.

Data analysis
We performed a three-way ANOVA to test the effect of different preservation procedures on the number of taxa and number of individuals for the whole benthic assemblage, and for the polychaetes assemblage (usually the most abundant taxa). Factors in the analysis were: (1) preservation procedure (fixed and orthogonal with two levels: ethanol and formalin + ethanol); (2) sediment type (fixed and orthogonal with two levels: sandy and muddy); and (3) sampling points (random and nested with five levels). Software GMAV5 for Windows (Institute of Marine Ecology, University of Sydney) was used and corer sediment samples were not pooled for each sampling point in this analysis. Cochran’s Test verified the homogeneity of variances. The Student Newman-Keuls (SNK) a posteriori test was used to assess significant differences. We tested the effect of sampling procedures in multivariate patterns using a non-parametric multivariate analysis of variance (PERMANOVA; Permanova 6 software) [17]. This procedure is considered a good alternative to the traditional MANOVA problems (e.g. assumption of multinormality) since it uses permutation methods to calculate p values [18].
Non-metric multidimensional scaling (nMDS, software PRIMER 6) ordinations, based on using a Bray–Curtis, were performed to visualize potential difference in similarities of benthic assemblage due to sample preservation procedures (corer sediments samples pooled per sampling point). We added a dummy variable (1 to all samples) to include samples that had no specimens collected.
A cost/benefit analysis was performed using the index proposed by Souza and Barros [19] with the formula: CB = (C
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                   is the cost of each sampling unit, measured from the mean time taken to wash samples in laboratory, and C
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                   is the additional cost, assumed as spent value to purchase substances for the preservation of samples in the field, and for safety equipment. We converted the time needed to wash the samples in laboratory into monetary value using the fee suggested by the ‘Conselho Federal de Biologia—CFBio’ (Federal Council of Biology), which is R$ 90/h (Brazilian Real) for master degree professionals. The monetary value was converted to U.S. dollars using the current exchange rate (May 10th, 2017). The precision (p) was calculated using the formula p = SE/X (which SE = (s/√n)/X); where SE is the standard error estimated from the standard deviation (s) for a given sample size (n), and (X) is the sample mean. The sample size (n) was the number of sampling points for each preservation procedure in each sediment type (n = 5), and the mean and standard deviation were calculated from the sum of abundances at each point.


Results
Benthic macrofauna
A total of 1968 individuals (131 in muddy sediment and 1837 in sandy sediment) were collected, comprising 119 taxa (48 in mud and 82 in sand) belonging to eight phyla. Polychaeta was the most diverse taxon (39%), followed by Mollusca (28%) and Crustacea (28%). We also observed specimens belonging to Nemertea, Sipuncula, Echinodermata, and Cephalochordata groups. Polychaetes were likewise the most abundant organisms (46% of the total number of individuals), followed by Sipuncula (25%). At the sandy sediment, a morphotype of Sipuncula (26.8%) prevailed as the most abundant taxon, followed by Exogone sp. (15.3%) and Branchiostoma caribaeum (13.4%). The polychaete Lumbrinereis sp. (12.1%) was the most abundant in the muddy sediment, followed by Paraprionospio sp. (9.8%) and Olivella minuta (9.8%).

Preservation procedures
Samples only preserved with 70% ethanol were composed of a total of 795 individuals and 80 taxa, while in those fixed with formalin 10% we found 1173 individuals and 94 taxa. Despite this numerical difference, the dominance patterns among groups were the same for the two methods. Polychaeta was the most abundant group for the two preservation procedures, followed by Mollusca and Crustacea (Fig. 2).[image: A10152_2017_501_Fig2_HTML.gif]
Fig. 2Number of taxa (a) and individuals (b) of benthic groups in muddy and sandy sediments. E ethanol; FE formalin and ethanol




                        
In the muddy sediment, a total of 52 individuals and 27 taxa were found in ethanol preserved samples, while 79 individuals and 35 taxa were found in formalin fixed samples. On the other hand, in the sandy sediment, we counted 743 individuals and 56 taxa in ethanol preserved samples, and 1094 individuals and 62 taxa in formalin fixed samples. Despite this difference in the absolute value, statistical differences between preservation procedures were not observed.
ANOVA revealed significant differences only between sediment types and sampling points (p < 0.01) for the number of taxa and individuals of the whole macrofaunal assemblage (Table 1). The difference between sediment types is due to the sandy site presents a higher number of taxa and individuals than muddy site. Regarding the sampling points, one sampling point in the sandy site presented high values in the number of individuals of the most abundant taxa, as well as a higher number of taxa (SNK result). In the Analysis of Variance performed with the polychaetes assemblage, we observed significant differences in the number of individuals between the preservation procedures (p < 0.025). However, this difference was only observed on the sandy sediment. Significant differences were also observed between sediment types and sampling points (p < 0.01) for abundance and number of taxa (see Table 1). Additionally, significant differences were not observed for the most abundant taxa.Table 1ANOVA results analyzing the number of taxa and individuals of benthic assemblage and polychaetes assemblage


	Factors
	
                              DF
                            
	Number of individuals
	Number of taxa

	MS
	F
	
                              p
                            
	MS
	F
	
                              p
                            

	
                              Macrofauna
                            

	Preservation (Pr)
	1
	2356.27
	4.26
	0.0555 NS
	25.35
	2.65
	0.1234 NS

	Sediment (S)
	1
	48,507.27
	87.77
	0.0001*
	1848.15
	192.85
	0.0001*

	Pr × S
	1
	1749.60
	3.17
	0.0942 NS
	0.82
	0.09
	0.7741 NS

	Sampling points (Pr × S)
	16
	552.66
	8.53
	0.0001*
	9.58
	2.53
	0.0087*

	Residual
	40
	64.77
	 	 	3.78
	 	 
	
                              Polychaetes
                            

	Preservation (Pr)
	1
	1058.40
	7.16
	0.0166*
	19.27
	2.57
	0.1281 NS

	Sediment (S)
	1
	10,454.40
	70.72
	0.0001*
	589.07
	78.72
	0.0001*

	Pr × S
	1
	777.60
	5.26
	0.0357 NS
	0.27
	0.04
	0.8526 NS

	Sampling points (Pr × S)
	16
	147.82
	4.62
	0.0001*
	7.48
	3.40
	0.0001*

	Residual
	40
	31.98
	 	 	 	2.20
	 


                                    NS not significant, DF degrees of freedom, MS mean squares
* Significant difference for α = 0.05



                        
In the non-parametric multivariate analysis of variance (PERMANOVA), only sediment types presented significant differences (p < 0.01), for both macrofaunal and polychaete assemblages (Table 2). This difference is due to the same observed in the univariate tests, since the sandy site presented a higher number of taxa and individuals than the muddy site. In the nMDS ordinations (stress = 0.11), no clear separation between the treatments (ethanol and formalin) was observed (Fig. 3). Due to the high difference in faunal composition between the muddy and sandy assemblages, separated ordinations were also conducted for each site.Table 2PERMANOVA results analyzing the benthic assemblage and polychaetes assemblage from muddy and sandy sediment


	Factors
	
                              DF
                            
	MS
	F
	Unique permutations
	
                                            p(perm)
	
                                            p(MC)

	
                              Macrofauna
                            
	 	 	 	 	 	 
	Preservation (Pr)
	1
	4598.62
	1.58
	9929
	0.1793 NS
	0.1238 NS

	Sediment (S)
	1
	72,874.61
	2.10
	9907
	0.0001*
	0.0001*

	Pr × S
	1
	4484.29
	1.54
	9913
	0.1814 NS
	0.1335 NS

	Sampling points (Pr × S)
	16
	2903.83
	1.20
	9800
	0.1022 NS
	0.1144 NS

	Residual
	40
	2426.04
	 	 	 	 
	
                              Polychaetes
                            
	 	 	 	 	 	 
	Preservation (Pr)
	1
	5218.38
	1.71
	9928
	0.1683 NS
	0.1159 NS

	Sediment (S)
	1
	71,914.60
	23.60
	9921
	0.0001*
	0.0001*

	Pr × S
	1
	5420.79
	1.78
	9927
	0.1654 NS
	0.1005 NS

	Sampling points (Pr × S)
	16
	3046.89
	1.30
	9840
	0.0502 NS
	0.0545 NS

	Residual
	40
	2344.74
	 	 	 	 


                                    NS not significant, DF degrees of freedom, MS mean squares, p(perm) permuted p value, p(MC) Monte Carlo p value
* Significant difference for α = 0.05
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Fig. 3nMDS ordinations of benthic assemblage sampled in a muddy sediment and b sandy sediment




                        

Cost/benefit analysis
Separated cost/benefit analyzes were performed for each sediment type due to the large difference in faunistic structure. In the muddy sediment, samples fixed in formalin presented slightly better precision (0.14) than those in ethanol (0.19). However, for the sandy sediment, samples fixed in formalin showed quite lower precision (0.16) than those only preserved in ethanol (0.04) (see Table 3). Samples washing time in laboratory were similar between the preservation procedures and ranged from 4 to 18 min. Ethanol and formalin samples demanded on average (considering both sediment types) 7.5 min (± 1.9) and 8.1 min (± 2.8), respectively. Consequently, the cost of each sampling unit was similar between preservation procedures. In terms of additional costs, the price of 1 L of 96° GL ethanol is about R$10 ($3.14), and with each liter it is possible to make approximately 1.5 L of 70% ethanol. Almost 10 L of 10% formalin can be produced with 1 L of 37% formaldehyde (R$18 per liter = $5.66). Thus, the costs of purchase substances where calculated considering that it is possible to preserve four corer sediment samples with 1 L of each substance. Furthermore, the cost of safety equipment as masks (R$25 = $7.86), safety glasses (R$5 = $1.57), and fume hood (about R$3000 = $943.4) where added to the analysis of formalin-fixed samples. It caused a high difference between the additional costs of the substances mainly due to high cost of acquisition and installation of fume hood. In this case, the cost/benefit ratio of the preservation procedures was quite different in both sediment types, and ethanol showed much better cost/benefit ratio than formalin (Fig. 4a). Nonetheless, we took in consideration that some labs already have a fume hood installed, turning this cost irrelevant. Thus, the cost/benefit ratio was also calculated excluding the fume hood costs, showing a slightly difference between preservation procedures (especially in the muddy sediment). For this analysis, ethanol still has the best cost/benefit ratio (Fig. 4b).Table 3Precision, mean washing time, and costs of the preservation procedures analyzed


	 	Muddy sediment
	Sandy sediment

	Ethanol
	Formalin
	Ethanol
	Formalin

	Precision
	0.19
	0.14
	0.04
	0.16

	Mean washing time (min)
	7.1 (± 1.6)
	7.5 (± 3.5)
	8.0 (± 2.0)
	8.7 (± 1.8)

	Mean cost of sampling unit (U.S. Dollar)
	$10
	$10.7
	$11.3
	$12.4

	Additional costs (U.S. Dollar)
	$9.4
	2.83 = formaldehyde
7.86 = mask
1.57 = safety glasses
943.4 = fume hood
Total: $955.7
	$9.4
	2.83 = formaldehyde
7.86 = mask
1.57 = safety glasses
943.4 = fume hood
Total: $955.7
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Fig. 4Cost/benefit ratio of sample preservation procedures a with and b without fume hood costs




                        


Discussion
Studies that have evaluated the effect of different biological sample preservation procedures have focused essentially on changes in biomass estimation values. However, there is a contradiction in these studies, since some studies do not recommend using 70% ethanol because of the loss of more weight than formalin-preserved specimens, and other studies do not confirm this observation [see 13]. We did not find significant differences in the quantitative patterns (uni and multivariate) for the macrofaunal assemblage. This is similar to some previous studies that did not observe differences in the influence of formalin and ethanol on the benthic assemblage biomass [11] and on some benthic species biomass [12, 13].
The effect of the preservative substance on biomass estimation as a function of the exposure time of the sample is another aspect usually evaluated in previous studies. Some researchers have observed that there is higher weight loss of the specimens in the first few weeks, and there is no difference between samples kept in formalin or ethanol [e.g. 11, 13]. Nevertheless, there is no information about the effect of storage time of samples on quantitative patterns (i.e. richness and abundance). In the present study, we avoid the possible effect of storage time by sieving the same amount of ethanol and formalin preserved samples per sieving day.
As for most zoological groups, the fixation in 5–10% formaldehyde has been suggested for Polychaeta, Mollusca, and Crustacea, the most abundant macrofauna groups of soft bottom [2]. Although we did not quantify the degree of conservation of the organisms, we observed that 10% formalin-fixed polychaetes had an apparent better degree of conservation (more rigid and intact structures) than those only preserved with 70% ethanol (some with a pasty appearance). Maybe, for this reason, animals collected for museum storage are usually fixed in formalin [13]. Probably this possible effect had influence in the significant differences observed for the number of polychaetes between the preservation procedures, since more individuals were found in samples fixed with formalin. Such a difference was only observed in the sandy sediment site, possibly due to the smaller abundance collected on the muddy than the sandy sediment. The transition to the anoxic zone in muddy sediment occurs in a few centimeters from the surface, which restricts the distribution of some benthic species [1, 21]. This characteristic may be associated to the lower number of specimens recorded in the muddy site.
Polychaetes, as well as other relatively fragile body taxa (e.g. Nemertea), are more susceptible to deformations in morphological structures following preservation procedures [2]. Costa-Paiva et al. [14] analyzed the effects of anesthesia and fixation on some morphological characters of the polychaete sabelliid Branchiomma luctuosum, and they observed that minor deformations were obtained with freshwater anesthesia or direct preservation in 70 or 100% ethanol. The same authors also pointed out that relatively fragile body animals are differently affected by preservation procedures. Future studies should carefully evaluate the effects of preservation procedures on morphological characters of different species of groups such as Polychaeta, focusing in time of preservation (i.e. days, weeks, months, and years).
Moreover, some attention should be given to anesthesia. This is a pre-fixation procedure mainly used in highly contractile animals, which is usually performed in a short time until animals are anesthetized or dead [2]. Anesthesia might possibly improve the outcome of both preservation methods evaluated in the present study, which would not be helpful in differentiating these methods. On the other hand, anesthesia could improve the outcome of only one procedure, and so would act as a confound variable for the present analysis. This possible scenario highlights the need of studies analyzing the interaction between anesthesia and following preservation procedures. Anyway, anesthesia is more commonly used in studies of specific taxonomic groups, such as polychaetes, or population studies.
Regarding the cost/benefit of preservation procedures, the separated analysis for each site was adopted due to spatial differences already presented. A well-marked difference between procedures was observed in both sediment types, where the best cost/benefit ratio was observed for 70% ethanol. As already stated, this result was more related to differences in the additional costs for formalin-fixed samples. According Wetzel et al. [13], the price difference between the two substances plays a considerable role if we take into account the additional costs for safety requirements of formalin handling and the differences in hazardous waste fees. In the present study, the hazardous waste fees where not analyzed, but the costs of safety equipment (i.e. mask, safety glasses, and fume hood) where included for formalin-fixed samples.
The safety requirements (i.e. lab coat, masks, gloves, safety glasses, fume hood) and care of the substance disposal are similarly recommended for both substances [see 22]. However, in benthic research labs all these equipment is generally used only when handling samples fixed in formalin. Samples preserved in ethanol are usually handled outside of fume hoods, only using gloves and lab coat. Anyway, we recommend all benthic researchers to follow the full safety procedure when handling samples with ethanol or formalin. There is an increased exposure through inhalation of ethanol or formalin vapors because labs are often poorly ventilated, leading to irritation of the upper respiratory tract and eyes. Thus, the personal protective equipment and fume hood are really necessary.
Many researchers had highlighted the special concern when using formalin due to imminent health and environmental risks [e.g. 13, 23]. Formalin vapors have irritating effects on mucous membranes, and contact with the skin results in dermatitis [24]. In addition, Coggon et al. [6] and Bosetti et al. [7] called attention to the higher risk of cancer in workers exposed to formalin (or formaldehyde). Furthermore, the use of formalin is not suitable for molecular research. These health risks of using formalin are important and should be considered in a cost/benefit analysis. However, their inclusion in the analysis becomes subjective since assigning a cost to these issues is quite tricky.

Conclusion
Studies about different sample preservation procedures are not as frequent as those evaluating other methodological aspects (e.g. sampling gear, mesh size and taxonomic resolution). Previously performed studies presented contradictory results, showing the need of a better guideline for the analysis of this issue. Assessments of the preservatives substances effects on biomass estimates have been widely explored. Nonetheless, assessments of preservative effects on quantitative data are apparently absent, and probably our study is pioneering in this regard so far. In the present study we did not observe significant differences between the preservation methods for macrofaunal assemblages. Polychaeta was the most affected group by the different procedures, presenting significantly higher abundances with formalin fixation. Thus, if a study is especially interested in polychaetes, we suggest the use of 10% formalin-fixed samples once these are properly handled. The use of ethanol without prior fixation had the best cost/benefit ratio, so its use is preferable for the study of the whole benthic community or assemblage. Further studies should evaluate how quantitative patterns are affected by: (1) exposure time of preservation; (2) anesthesia interaction; and (3) morphological deformations (e.g. impossibility of identification).
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