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Abstract 
Comparisons of methods for sampling submerged vertical areas and bottoms while 
scuba diving were made in Silfra, a freshwater fissure in "ingvellir National Park, 
southwest Iceland. A modified Surber sampler and a constructed manual suction 
pump sampling system were used to take 20 samples at two depths at a chosen 
transect in the fissure.  After counting and classifying the zoobenthos encountered in 
the samples, statistical analysis was conducted. My results show that the manual 
suction pump system collected a greater number of both individuals and taxa at the 
two depths in question. It´s use also proved more practical and reliable for the various 
conditions encountered in the fissure. 
 

 
 
Útdráttur 
Samanbur!ur á a!fer!um til s#natöku me! köfun, á ló!réttum ne!anvatnssvæ!um, 
var ger!ur í ferskvatnsgjánni Silfru í "ingalla$jó!gar!i, su!vestur Íslandi. Surber 
s#nataka var umbreytt til notkunar vi! köfun og hann borinn saman vi! handvirkt-
sogpumpu s#natökutæki sem smí!a! var fyrir verkefni!. Tuttugu s#ni voru tekin á 
ló!réttu sni!i í gjánni, á 1 m d#pi og 10 m d#pi. Eftir talningu og flokkun $eirra 
lífvera sem greindust í s#num var tölfræ!ilegur samanbur!ur ger!ur á fjölda 
flokkunareininga og einstaklinga sem safna! var me! hvoru s#natökutæki. 
Ni!urstö!ur s#na a! handvirki-sogpumpu s#natakinn safna!i bæ!i fleiri 
einstaklingum og fjölbreyttari fánu lífvera á bá!um $eim d#ptarsvæ!um sem sko!u! 
voru. S#natakinn var einnig hentugri til notkunnar á $eim fjölbreyttu a!stæ!um sem 
gjáin bau! upp á.   
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Abbreviations and explanations 
 
Terrestrial: Terrestrial invertebrates 
MWU: Mann-Whitney U test 
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1. Introduction 
An important aspect of environmental studies on freshwater ecology is the mapping 
of benthic organisms (V. E. Kostylev, et al. 2001). The benthic habitat is important 
for primary production, as well as serving as a shelter for organisms (P. J. Auster. 
1998). It is thus important that accurate sampling methods exist for the evaluation of 
freshwater ecosystems, especially the benthic habitat (Dodds, 2002). Based on their 
substrate, those habitats can be divided into soft bottom and hard bottom habitats 
which require distinctive methods for sampling (Anom. 2012). Soft bottoms are often 
sampled with grab samplers or hand-held core samplers, intended for the removal of 
substrate (J. A. Downing, et al. 1984). Hard bottoms with coarse sized rocks are 
commonly sampled with Surber samplers, where the rocks are scrubbed clean and the 
detached invertebrates flow with the current through a mesh net (R. L. Kroger. 1972). 
This method has been popular although it´s operation has been restricted to depths of 
less than 30 cm (M.T. Barbour, et al. 1999). The Surber sampler operates best in slow 
current, only sufficient to pass dislodged material into the collecting mesh net (W. R. 
Meehan, et al. 1974).  Sampling hard flat substrates absent of rocks is problematic 
(M.T. Barbour, et al. 1999) and Surber samplers are not typically used on vertical 
surfaces.  
 Scuba diving can serve as a valuable approach to accurately map freshwater 
ecology for the monitoring of species abundance and diversity. Methods for sampling  
hard bottoms while diving most commonly rely on quadrat observations, hand 
collecting and photo surveying (Anom. 2012) and although a method for the 
quantitative collection of invertebrates while diving has been described (R. J. 
Runnels. 1985) it´s use is not suitable for the variable areas in the present study. Other 
diver-operated methods described have focused on freshwater benthic sampling using 
manual (B. Gulliksen, et al. 1975) and electronic suction pump devices (O. J. Lønne. 
1988), whereas methods for submerged vertical environments have not yet been 
described in benthic literature.  
  
Here, I compare the operation and efficiency of a modified Surber sampler with a 
constructed manual suction pump system, operated while diving. The methods were 
tested at two depth stations on submerged vertical walls and for bottom sampling in 
Silfra, a submerged slow stream freshwater fissure in "ingvellir National Park, 
southwest Iceland. Both methods relied upon a brush for the removal of lifeforms but 
for the collection of removed organisms, the two methods differ; the manual suction 
pump system creates a current to collect the dislodged organisms from the sampling 
area into a collection container, whereas the modified Surber relies upon the existing 
current for  the collection of organisms into its mesh net.  Additionally to efficiency 
and handling, the methods were compared by their yield and diversity of collected 
organisms.  
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2. Materials and methods 
Sampling took place in "ingvellir national park (Figure 1, Figure 2) in July 2013.  
A vertical transect, reaching more than 10 m was chosen in Silfra fissure. Two depth 
stations were selected at depths of 1 and 10 meters. Vertical fissure walls were 
sampled at the 1 m sation whereas the 10 m station posed different conditions, vertical 
walls and a bottom. At each station five replications were randomly taken with each 
method. Samples were collected by completely brushing organic matter within a 
20x20 cm quadrat until no visible matter remained. Once collected, the samples were 
brought up to the surface for fixation and further analysis.  

2.1 The modified Surber sampler 
A Surber bottom sampler (EFE&GB nets) with a collection area of 20x20 cm was 
used for sampling. The device was modified so that the quadrat could be closed 
underwater (Figure 3), preventing the collected sample from spilling out. Furthermore 
a rope was attached to the device, making it possible to pull it up to the surface from 
its sampling depth. Two divers were used for the sampling, one would brush and 
guide material into the Surber´s mesh net while the other made sure the Surber stayed 
open and further held the quadrat in place.  
 The Surber was placed randomly on hard substrate at each depth, with its 
opening facing upstream. The sampling area inside the Surber´s quadrat was brushed 
with a soft brush to release organic matter which was directed by the current into the 
Surber´s mesh net of 65 µm. The surber was subsequently closed (Figure 3) with 
watertight fabric of a mesh size of < 65 µm  and brought up to the surface. At the 1 m 
depth station the sampling diver would surface and hand the sample to an assistant, 
who would then sift the sample through a 125 µm mesh net to make sure lifeforms 
within the desired size range would only be collected. At the 10 m depth station, a 
rope was attached to the Surber on which the diver would pull swiftly three times, 
signaling the surface assistant to pull up the Surber and it´s sample. The two divers 
would then wait at the 10 m sampling station until the sample had been processed and 
the Surber reppelled back to the station. This was an important safety measure as 
continuously descending and ascending from depth greatly increases the chance of 
decompression sickness (R. D. Vann, et al. 2011).  

2.2 Suction pump sampling system  
A suction pump sampling system was designed and built (Figure 4) using a bilge 
pump (Munster Simms Engineering) with attached plastic hoses, 3 cm in diameter and 
of 45 cm and 190 cm lengths. The longer hose was for the collection of organisms 
while the shorter hose was connected by a closeable valve to two PVC pipes, forming 
a 1,9 l collection container (diameter=10,5 cm; length=22 cm) (Figure 5) with a 125 
µm mesh at the downstream end of the container. The closeable valve system could 
be operated at depth in order to prevent material from flowing back out of the system. 
While closed it was possible to replace the container underwater. 
 While sampling, a diver would have the pump attached to his/her body by a 
sewn harness for easy handling (Figure 6). Furthermore, the diver would hold the 
20x20 cm stainless steel quadrat in place at the desired sampling site. The diver would 
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then pump continuously while an additional diver would gently brush the sampling 
site with a soft brush while pointing the longer plastic hose of the system to the 
dislodged organic matter allowing for its collection (Figure 7). Once organic matter 
had been completely brushed from inside the quadrat, the valve connecting the plastic 
hose to the container was closed and the container was removed from the system by 
unscrewing it. The closed container would then be placed in a net bag. After a 
complete rinse, by placing a fine mesh at the longer hose and pumping clean water 
through the system, an empty container from the same bag was screwed on to the 
suction pump system. The sampling process was repeted five times at each station.  

2.3 Surface and laboratory processes 
Once on the surface, all samples were removed from the appropriate mesh, washed 
into a 0.5 l plastic canister using filtered water from a squeeze bottle and fixed in at 
least 70% ethanol. They were then labeled with regards to dates and sampling 
stations. In the laboratory each sample was analysed by placing the sample on a lined 
petri dish. All individuals within a sample were classified and counted under a 
dissecting microscope. Individual taxa were then stored in 96% ethanol in 1.5 ml 
plastic containers.  

2.4 Statistical analysis 
Descriptive and analytical statistics were conducted in Excel (Microsoft. Version 
14.0.0 for Mac), R (R Development Core Team. Version 3.0.2) and SPSS (IBM. 
Version 14.0). For comparisons among taxa and number of individuals a Mann-
Whitney U test was used as the data were not normally distributed. 
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3. Results 
There were clear differences between the suction pump sampling system and the 
modified Surber sampler (Graph 1 and 2).   
 The number of individals collected differed between the two sampling 
methods (MWU = 9.5, P<0.01). When analysing each depth independently a similar 
pattern was seen, although the difference was not significant (MWU1m = 4, P=0.08; 
MWU10m =0, P=0.09). At both depths there was a higher number of individuals in the 
pump samples than in the Surber samples (Table 1) (10 m, Pumpmean=53,8; 
Surbermean=17,6; 1 m, Pumpmean=63,4; Surbermean=40). 
 The number of taxa collected was significantly different between methods 
(MW U = 17,5, P<0,05). When looking at the two depths there were differences at 10 
m but not at 1 m (MWU10m =1, P<0,05; MWU1m = 8, P>0,05). The pump samples at 
10 m all contained a higher number of taxa than the Surber samples (Table 1), 
(Pumpmean=4; Surbermean=1,4). At 1 m there were similar results between methods 
(Table 1), (Pumpmean=3,6; Surbermean=3,4).  
 When analysing each taxon independently clear differences were seen. 
Numerous taxa differed significantly (Pupae: MWU = 25, P<0,05; Chironomidae 
larve: MWU = 19, P<0,05; Ostracoda: MWU = 28, P<0,05; cladocera: MWU = 28,5, 
P<0,05). The differences however, varied between the two depths. At the 10 m depth 
station there were significant differences between methods for a number of taxa 
(Chironomidae larvae: MWU = 0, P <0,01; Pupae: MWU= 2,5, P <0,05; Copepoda: 
MWU = 2, P< 0,05) with the taxon Acarina coming close to showing significant 
difference (Acarina: MWU =5, P=0,054). This is reflected in the fact that for most 
taxa the pump sampler caught a higher number of individuals (Table 1) (Acarina, 
Copepoda, Cladocera, Chironomidae Pupae, Chironomidae larvae) and in other 
cases the numbers were equal between the samplers. At the 1 m station only 
Ostracoda (MWU = 0,5, P<0,01) differed although the terrestrial group (MWU = 5, 
P=0,053) was close to showing a significant difference. The pump sampler caught a 
higher number of individuals within taxa in most cases (Table 1) (Chironomidae 
Pupae, Chironomidae larvae, Ostracoda, Cladocera) although the Surber caught 
higher numbers for three groups (Plecoptera, terrestrial, Copepoda). The rest of the 
samples at 1 m all contained equal numbers between the methods.  
 

  



! 5 

!

 
4. Discussions 
The results show that the suction pump sampling system is better at obtaining a higher 
number of both individuals and taxa than the modified Surber sampler.  
 The mean number of both individuals and taxa collected was lower within all 
the Surber samples. Furthermore, all five Surber samples from the 10 m station 
contained lesser abundance of both taxa and individuals than the pump sampler. 
Silfra´s slow current at 1 m was just enough to get dislodged material traveling into 
the mesh net whereas the current at 10 m was visually too slow to receive all the 
material brushed off the sampling area. At the 10 m station, both the vertical sampling 
sites and bottom areas could be sampled equally well with the pump system. The 
Surber sampler however, seemed better suited for bottom sampling where dislodged 
material could be guided into the mesh net. Vertical sampling with the Surber meant 
that negatively/positively buoyant material would sink or float and therefore be harder 
to guide into the net. Another potential cause of these differences is a possible spillage 
of Surber samples, whereas the option of properly sealing the pump system by closing 
the valve likely helped prevent sample spillage and contamination, thus increasing 
catch size. The modified Surber proved hard to completely seal at depth and its 
transportation to the surface and back down might cause either sample loss or 
contamination, especially at the 10 m station, from which the sample had to be 
transported a further distance.  
 Terrestrial organisms caught might give an idea that the Surber samples were 
being contaminated from other sources than the sampling area. Those organisms were 
only encountered within the Surber samples and close to a significant difference is 
seen between methods for the number of caught Terrestrial organisms at the 1 m 
station. These organisms were likely either caught by the sampler while floating on 
the water surface or in cases when the Surber got scraped against the surface walls as 
it was being pulled up.   

4.1 Functionality of methods   
Above I have described problems in relation to sample retention, but there were other 
important factors that differed between the methods.  
 The modified Surber sampler did not seem to handle the variable contitions 
encountered within the fissure sampled. Transporting it up and down was a timely 
process that resulted in the fact that only one station could be sampled safely in one 
dive compared to two stations with the suction pump sampler. Two divers were 
necessary for the operation of both methods and although the Surber could potentially 
be handled by one capable diver, it would increase the risk of the quadrat falling out 
of place or closing of the frame, resulting in less accurate sampling.  
 Using the modified Surber sampler at greater depths than those presented in 
this study could decrease sample accuracy, since currents can vary between depths, 
thus resulting in an inaccurate amount of material finding its way into the mesh net 
between depths.  Sampling with the pump sampler however, could be done with equal 
confidence at both depths and there is no reason to believe that its use is restricted to 
any depth range unless considered unsafe for the divers involved.   
 Once on the surface the handling of the Surber sample was faster and easier 
than the pump sample. The Surber sample was easily removed by simply sifting it 
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through a 125 µm net and washing it off straight into the sample plastic canister. 
Within the pump samples, organisms would sometimes get stuck at the boundary of 
the mesh and the lower PVC pipe and were hard to remove using a squeeze bottle. 
This could be easily fixed however, by simply sealing the mesh net to the lower PVC 
pipe.  
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5. Conclusion 
In this study, by comparing efficiency and yield of organims between methods, I have 
succeeded in presenting a reliable method for the sampling of various areas, from 
hard bottoms to vertical walls. I conclude that using a modified Surber sampler for 
areas similar to the ones studied here, presents various problems and decreases the 
accuracy of the sampling process. The suction pump sampling system was easier to 
operate while diving and also managed to yield a higher number of organism diversity 
and individuals. Its use was less time consuming, giving the possibility of safely 
sampling a number of areas in one dive. Additionally it can be confidently used in 
both deep and shallow areas and be modified according to the users desires, for 
example by changing the mesh net size, shortening/lengthening hoses, or by using a 
different collection container. For the reasons listed above I believe the manual 
suction pump sampler can serve as an excellent sampling device for the diver-
operated sampling of variable areas in future benthic habitat studies. 
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Appendices 

Figures 

 
Figure 1: A: Silfra fissure location (A) shown in !ingvellir. Picture: Nordic 

Adventure Travel. 
 

 
Figure 2: B: !ingvellir location (B) in southwest Iceland. Picture: Mapsof.net. 
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Figure 3: An animation showing a modified 20 x 20 cm Surber sampler. A: Mesh net of 65 
"m. B: A watertight (< 65 "m) fabric closes up the opening of the mesh net. C: The quadrat 
was closed by moving it towards the opening of the mesh net and thus maintaining the 
watertight fabric in place. Arrows point into the moving direction. D: The sampling site. 

#$%#$!&'!
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Figure 4: The manual suction pump system. A: The manual bilge pump (Munster Simms Engineering). 
B: A sewn harness with buckles to thread around the waist of the operator. C: 190 cm hose for the 
suction of material. D: 125 "m mesh net. E: 0,5 l plastic container. F: A lid screwed for closing the 
container. G: A screwgate nut for attaching the short hose (see I) to the plastic container via the valve 
(see H). H: A manual valve system with a handle. I: 45 cm plastic hose attached to the container. 
Picture: Jóhann Gar#ar !orbjörnsson. 
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Figure 5: Plastic collection container. A: Threads for the screwgate nut on the short plastic pump hose 
(see figure 4: G and I). B: Container lid. C: 125 "m mesh on the bottom of the container. D: Two 10 
cm PVC pipes snugly fitted together forming the 0,5 l container. E: Screw for securing the lid. F: A 
manual valve with a handle.  Picture: Jóhann Gar#ar !orbjörnsson.  
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Figure 6: The manual suction pump system on an operator. The operator holds the pump´s handle with 
the dominant hand and pumps in a continuous rhythm for even suction. Picture: Jónína Herdís 
ólafsdóttir. 
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Figure 7: Divers using the manual suction pump system. The quadrat is shown, held by the pumping 
diver while the additional diver removes material with a brush and guides it to the longer plastic hose 
of the system. Picture: Gísli Arnar Gu#mundsson.  
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Tables and graphs 

 
Graph 1: The number of individuals caught by two different sampling methods, a manual suction pump 
sampling system and a modified 20x20 Surber sampler. The samples were collected at two different 
depths, 1 and 10 m, in the submerged freshwater fissure Silfra, !ingvellir National Park, Iceland.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Graph 2: The number of taxa caught by two different sampling methods, a manual suction pump 
sampling system and a modified 20x20 Surber sampler. The samples were collected at two different 
depths, 1 and 10 m, in the submerged freshwater fissure Silfra, !ingvellir National Park, Iceland.    
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Table 1: The mean number and standard deviation for individual taxa, taxa and individuals collected. 
Two samplers, a modified Surber and a manual suction pump sampler were each used to take five 
repetitions at two depths, 1 and 10 m in Silfra, !ingvellir National Park, Iceland. 

 

 

 

 

Taxa Surber sampler Pump sampler 

 1 m 10 m 1 m 10 m 

     
Acarina 0,2 +/- 0, 40 0 +/- 0,00 0,2 +/- 0,40 1,6 +/- 1,62 

Copepoda 0,2 +/- 0,40 1,4 +/- 1,74 0 +/-0,00 6,8 +/-3,25 
Terrestrial 0,8 +/- 0,75 0,0 +/- 0,00 0 +/- 0,00 0,0 +/- 0,00 

Chironomidae 
Pupae 

1,6 +/- 1,20 0,0 +/- 0,00 2,0 +/- 1,10 2,4 +/- 1,85 

Chironomidae 
larvae 

36,8 +/- 7,30 7,6 +/- 4,63 52,0 +/- 23,13 42,8 +/- 15,80 

Ostracoda 0,2 +/- 0,40 0,0 +/- 0,00 8,4 +/- 0,00 0,0 +/- 0,00 
Plecoptera 0,2 +/- 0,40 0,0 +/- 0,00 0,0 +/- 0,00 0,0 +/- 0,00 
Cladocera 0 +/- 0,00 0,2 +/- 0,40 0,8 +/- 1,17 1,8 +/- 1,94 

Taxa 3,4 +/- 2,06 1,4 +/- 0,80 3,6 +/- 0,49 4 +/- 0,89 
Individuals 40 +/- 7,69 17,6 +/- 21,90 63,4 +/- 19,75 53,8 +/- 14,37 


