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1 INTRODUCTION 

In regional bioassessment programs involving benthic invertebrates, it is common to see 
reviews of sample sorting, sub-sampling, and enumeration procedures to determine cost 
effective techniques that will satisfy statistical criteria.  A review by Glozier et al. (2002) was 
used to establish sorting efficiency, sub-sampling method, and level of sub-sampling 
accuracy/precision for the Canada-wide environmental effects monitoring program (EEM) 
targeted at pulp mills.  A similar review was completed by Bennett et al. (2003) to provide 
guidelines in the development of a benthic invertebrate multimetric index of biotic integrity (B-
IBI) for the Skeena region of British Columbia.  In each of these reviews, conclusions focussed 
on what methods met QAQC and statistical requirements, taxonomic resolution, and other 
criteria needed to address the large scale biomonitoring objectives for the region in question. 

 
The recent implementation of the Reference Condition Approach (RCA: Bailey et al. 

2004) for biomonitoring in the Skeena region of north central British Columbia (Sharpe 2004) is 
no different from other bioassessment initiatives in requiring a review of alternative field and lab 
procedures that will best meet cost objectives and scientific criteria.  The present review 
focuses on the selection of number of individual invertebrates to count among sub-samples, the 
selection of a reliable sub-sampling device, and QAQC for laboratory procedures associated 
with the Skeena RCA assessment.  A recommended lab protocol is presented for consideration 
in the ongoing processing of benthic invertebrate samples collected as part of the Skeena RCA 
analysis.  As noted by Glozier et al. (2002) for the federal EEM program, our intent was not to 
re-invent lab procedures but only to select methods that best meet RCA requirements and are 
suited to samples that are collected from forested drainages of northern British Columbia.  
 
 
2 SUB-SAMPLE COUNTS  

In a recent review that included lab methods supporting B-IBI, Bennett et al. (2003) 
addressed the topic of how many animals are enough to count in sub-sampling 
procedures.  That review relied heavily on "collectors curves" (Vinson and Hawkins 1996) that 
show taxa richness increasing hyperbolically as a function of number of organisms identified in 
sub-samples (Figure 1).  Importance of of count size was also discussed by Courtemanch 
(1996) and Sovell and Vondracek (1999).  The collector curves are commonly produced to 
determine an optimum sub-sample count, defined as the point where the curves level off.  
Above that point, the cost of sorting adds little to information gained.  These curves are 
“generic” and thus apply to any set of samples.  The curves can be separated into two groups. 
One group is based on single phase sorting wherein the entire sample is placed in a grid (e.g. 
Marchant Box, Marchant 1989) or other device and sub-samples are removed until some pre-
defined number of individuals are removed (Rosenberg et al.1999).  The second group involves 
2-phase sorting wherein large and possibly rare organisms are removed by picking from 
the entire sample or by passing the sample through a large mesh sieve (1 mm or larger) that 
retains large particulate matter.  Common small animals adhered to that debris may either be 
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picked out and returned to the sample for subsequent sub-sampling or they may be included in 
the large-rare group and that group can be called "macrobenthos".  The collector curves 
produced from single phase sorting have a more gradual break in slope and tend to have lower 
richness for a given sample count than curves produced from 2-phase sorting. Because of this 
sorting effect, a recommendation from Vinson and Hawkins (1996) is that 2-phase sorting is 
preferable. It leads to data more closely representing whole sample richness than does single 
phase sorting. This approach is also preferred by Glozier et al. (2002) and Bennett et al. (2003) 
and it is recommended for the Skeena RCA project. 

Number of organisms identified
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Figure 1.  Collector curves showing the effect of 1–phase versus 2–phase sorting on the 
relationship between taxa richness and number of organisms identified. Data taken from 
Vinson and Hawkins (1996). 

 
 
So what is the best sub-sample count to use?  Let's consider a very high count of 1000 

individuals, which is well past the point where the collector curves saturate (e.g. way too 
expensive for information gained, Figure 1).  Using a 2-phase sorting procedure, the curves 
from Vinson and Hawkins (1996) show that a sub-sample count of 100, 200, 300, 400, and 
600 individuals will explain 65%, 79%, 88%, 91%, and  94% respectively of the richness 
achieved by counting 1000 individuals.  Analyses by Vinson and Hawkins (1996) suggest that 
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richness values from samples with counts >300 individuals will result in accurate inferences 
using univariate statistics where the measurement of interest is richness.  A count of 300 
individuals will yield 88% of maximum attainable richness, which for most practical purposes 
should be fine.  In her recent comparison of rapid bioassessment methods, Bennett (2004), 
recommended going to a 600 animal sub-sample count, although it is not clear why such a high 
value was proposed.  A sub-sample size of 300 animals was supported by Vinson and Hawkins 
(1996) and by Glozier et al. (2002). In going from a count of 300 to a count of 600, the collector 
curves in Figure 1 show that the doubling of effort only results in a 6% increase in the estimate 
of richness for a sample.  We are not convinced that the extra 6% in richness that is achieved 
from a doubling of effort is really needed for reliable detection of impacted sites and for 
description of the reference condition or stressor gradients in the RCA.  

 
We have to keep in mind that even counts of 100 animals have been found to be 

adequate to answer many applied questions.  This is true for analyses run by Vinson and 
Hawkins (1996). Somers et al. (1998) found that a count of 100 individuals was equally powerful 
to sample counts of 200 and 300 individuals for purposes of distinguishing littoral benthic 
communities using ANOVA.  Measurements included conventional metrics (e.g. %EPT, % 
insects, % chironomids, etc.) and they included a multivariate metric.  Growns et al. (1997) 
found that the ability of multivariate procedures (e.g. ANOSIM in Primer software) to detect 
differences in community structure between reference and polluted sites was optimal when 
using a 100 selective animal count.  A selective count involves maximizing the number of taxa 
picked and limiting counts of individuals per taxa, particularly if they are dominant.  Sovell and 
Vondracek (1999) found that richness increased with sample size (100 to 300 individuals) but 
several community metrics did not.  Hence, assessment methods that rely on metrics may be 
able to get away with relatively small counts of 100 individuals and still be sensitive to 
detecting disturbed sites.  For sample counts that are required for RCA, Reynoldson et al. 
(2001) points out that analysis to determine an appropriate sub-sample size (Rosenberg et al. 
1999) resulted in a count of 200 individuals being selected, when sub-sampling was done using 
a Marchant Box.   

 
In considering this insight and experimentation that has gone into the question of animal 

counts from sub-samples, we find little justification to select a sub-sample count greater than 
300 animals.   We are particularly struck by the work of Rosenberg et al. (1999), showing that a 
count of 200 animals is acceptable for purposes of RCA in the Fraser River basin, which is 
exactly what we are applying to the Skeena region.  If we want to be conservative and assume 
that outcomes of multivariate models in RCA are affected by animal counts from sub-samples 
the same as is richness, we find that a sub-sample count of 300 individuals would be 
appropriate for the Skeena RCA analysis.  That way, we will have data that explains close to 
90% of community diversity with application of 2-phase sorting, based on the collectors curves 
in Figure 1. 
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3 SUB-SAMPLING DEVICES  

An common question is what device is "best" for distributing a sample and for selecting 
sub-samples.  Environment Canada personnel prefer the Marchant Box or Caton tray for use 
with single phase sorting (Reynoldson et al. 2001, S. Sylvester (Env. Canada, Pers. 
Comm)).  Other approaches involve size fractionation in sieves followed by volumetric sub-
sampling using plankton splitters or other device that divides the sample into any number of 
units (several described by Glozier et al. (2002)).  Another approach is selection of random sub-
samples from a grid that is laid out in an open tray into which a sample is poured (Sovell and 
Vondracek 1999).  Still another approach is counting of individuals that are found in sub-sample 
volumes that are sequentially poured from a sample until a given animal count is achieved 
(Vinson and Hawkins 1996, Somers et al. 1998).  It really does not matter what splitting method 
is used as long as a particle distribution among sub-sampling cells achieves desired precision 
and accuracy of subsample counts.  From that point of view, it really comes down to personal 
preference.  Having completed enumeration of many samples from the Skeena RCA project to 
date, we prefer plankton splitters or some derivation thereof rather than use of the Marchant 
Box.  An argument against the Marchant Box is that it has so many cells (100 in total) that time 
to "suck up" individuals out of many cells at low animal density can be a deterrent. The box also 
requires a shaking technique that may or may not achieve desired distribution of particles 
among cells. Thus, its effectiveness and the precision and accuracy of resulting data may vary 
between taxonomists.  We have found that use of a large plankton splitter avoids this problem, 
making it a more reliable device than the Marchant Box or Caton tray when several users are 
involved. 
 
 
4 WHAT WAS LEARNED IN 2004  

Experience in completing the kick net sample enumerations from 2004 resulted in some 
modification of a standard 300 sub-sample count procedure.   Two-phase sorting was 
implemented, as recommended above, wherein a sample was passed through a sieve.  A 1 mm 
size sieve was initially used.  But, most samples were found to contain a large amount of debris 
and large numbers of large animals (visibly obvious with the unaided eye) that clearly would 
require some reduction to complete the enumeration in reasonable time and at reasonable cost.  
A first step in reducing numbers of animals in this “macrobenthos” portion was to change to a 2 
mm sieve.  Initially all individuals retained on the 2 mm sieve (thought to be mainly large and 
rare individuals) were counted in their entirety and were called macrobenthos.  All individuals 
passing the sieve (thought to be common and abundant small individuals) were subject to sub-
sampling and were called microbenthos.  A sub-sample count of 300 individuals was assigned 
to the microbenthos.  If a sub-sample contained more than 300 individuals, the entire sub-
sample was still counted.  When more than one sub-sample was counted to achieve the 
minimum count of 300 individuals, the last sub-sample was counted in its entirety. Even with the 
change in sieve size, the average number of animals in the macrobenthos portion in most 
samples was over 400 animals. It ranged from <100 to approximately 1200 animals, which was 

  
LIMNOTEK 

April 2005 



Skeena RCA sample sorting and sub-sampling protocol 
  

5

much more than anticipated. With the minimum sub-sample count of 300 individuals applied to 
the microbenthos the resulting total count (microbenthos sub-sample plus total macrobenthos) 
ranged from approximately 400 individuals to well in excess of 1000, in some cases reaching 
1500 individuals.  Since counts in excess of 300 were not expected to substantially improve 
richness (Figure 1), taxonomists were wading through long and excessive hours of effort.  The 
major problem was that material retained on the 2 mm size sieve from most samples actually 
contained common large and medium sized taxa in addition to rare and large taxa.  This 
assemblage was related to the presence of large amounts of organic debris containing 
invertebrates of widely varying size.  To reduce this effort, a splitting process was applied to the 
material retained on the 2 mm size sieve.  Large organic debris (e.g. leaves, twigs, etc.) that 
was retained on the sieve was picked clean and removed.  Picked animals were returned to a 
macrobenthos tray.  Remaining material on the sieve, including animals, was also placed in that 
tray and partitioned into 2 or 4 parts.  The smaller partition or no partitioning was selected when 
there were relatively few individuals present.  Each of those parts was considered a 
macrobenthos sub-sample.  One or more sub-samples were enumerated until a target of 200 
animals was counted.  If the target of 200 animals was reached before a sub-sample was 
completely sorted, that last subsample was sorted in its entirety.  Total macrobenthos was the 
number of individuals, by taxa, enumerated in the sub-samples multiplied by the partitioned 
amount (e.g. a quarter fraction was multiplied by 4 to yield the total macrobenthos count).  Sub-
sampling of the microbenthos (animals passing the sieve) continued according to the method 
outlined above but the sub-sample count was reduced from 300 to 200 individuals.  A maximum 
of 16 splits of the microbenthos was applied.  Further splitting was not attempted because of our 
concern that it would increase the likelihood that rare taxa would be missed. With these 
changes, we found that the actual count of all animals from an average sample dropped from up 
to 1500 animals using the original method (300 sub-sample count of microbenthos and total 
count of macrobenthos) to approximately 400 animals (approximately 200 individuals in each of 
the macrobenthos and microbenthos fractions).  Time required to sort and enumerate an 
average sample using the revised procedure was 5 – 7 hours. 
  

Given the large number of large and medium-sized individuals in the Skeena samples, 
one could argue there is no need for sieving.  After all, the main purpose of sieving is to remove 
animals that are too few and too large to be amenable to sub-sampling procedures.  If this 
argument was followed, one could simply pick out any few very large individuals (e.g. the very 
large stoneflies), remove large organic debris after picking animals off and sub-sample 
everything else using the 300 sub-sample count as standard practice.  The trouble with this 
approach is our finding of many rare but medium-sized taxa.  Probability of missing these 
individuals and taxa might be high when using a sub-sampling procedure involving splitting into 
as much as 16 units using the plankton splitter.  It is possible the multivariate routines used in 
RCA would be sensitive to missing these taxa. Hence, we elected to retain the sieving 
procedure and minimize macrobenthos sub-sampling to not more than 4 units.   
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5 QAQC 

A description of QAQC prepared by Glozier et al. (2002) has been followed as a 
laboratory protocol for the Skeena RCA.  There are three components to QAQC; sorting 
efficiency, sub-sampling precision, and sub-sampling accuracy.    

 
For sorting efficiency, the basic rule is that 10% of all samples from a given year of 

collections are resorted.  A target for acceptable sorting is that >90% of the sample must be 
enumerated on the first sort.  If this 90% efficiency is found, the animals that are found on the 
second sort are not included in the sample count.  If the efficiency is <90% (e.g. >10% of the 
total count is found on a second sort), then all samples in the group of samples to which the test 
applies require resorting.  Resorting would also be required if an entire group of taxa (e.g. all 
ostracods) were missed in the first sort. 

 
Precision is a measure of how close a count of animals in a particular sub-sample is to 

counts in the other sub-samples.  For example if a count in one sub-sample is 289 and the 
count in a second sub-sample is 316, the precision is defined as 8.5% (289/316*100). 

 
Accuracy is a measure of how close an enumeration is to the actual value of animal 

abundance.  It is assumed that actual abundance in a given sample can be determined to within 
10% based on the rule of acceptable sorting efficiency defined above. Determination of 
accuracy requires enumeration of all sub-samples plus remaining sample.  For example; 

 
• a count in sub-sample A is 189 animals, representing 25% of the total sample volume 

for a total sample count of 756 animals, 
• a count in sub-sample B is 216 animals, representing 25% of the total sample volume 

for a total sample count of 864 animals, 
• a count in the remaining material is 453 animals, for an actual total count of 858 

animals in the selected sample. 
 
Accuracy can then be determined for each sub-sample.  For example, accuracy for sub-sample 
A is -11.9% determined as (756-858)/858*100.   
 
Based on the review by Glozier et al. (2002), acceptable accuracy is ±20%.  A measure of 
accuracy should be made on 10% of samples from a project or study (e.g. 10% of a complete 
set of samples collected in a given year of RCA) to coincide with the test of sorting efficiency.  If 
counting error exceeds this 20% rule, the method must be modified and tested until error can be 
reduced to less than 20%. 
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6 RECOMMENDED PROCEDURES FOR 2005 

Based on background review and experience with the 2004 benthos enumeration 
outlined above, the recommended procedures for sample sorting and sub-sampling in support 
of the Skeena RCA analysis is summarized in Figure 2.   
 

Pass the sample through a 2 mm size sieve
producing a macrobenthos fraction and

a microbenthos fraction

Macrobenthos fraction Microbenthos fraction

•Pour into a tray and distribute material 
evenly
•If there are abundant organisms (>200 
animals by visual estimate) partition 
into 2 to 4 parts and randomly select 
one part for enumeration. Otherwise 
enumerate the entire fraction
•Target count is <200 animals

•Split into 4 to 16 parts using plankton 
splitter. 
•Enumerate one or more splits until a 
minimum of 200 animals is counted. 
•Enumerate any one split in its entirety. 

QA/QC on each size fraction
•sorting efficiency test completed on fractions sorted in their entirety

•Sorting efficiency and accuracy measured on subsamples

 Figure 2.  Flow chart of recommended procedures to enumerate kick net samples collected as 
part of the Skeena RCA analysis. 

 
 
 
The recommended steps are as follows: 
 
1. The sample is washed through a 2 mm mesh sieve to yield a macrobenthos fraction that is 

retained on the sieve and a microbenthos fraction that passes the sieve; 
2. The microbenthos fraction is split into 4 to 16 parts using a large plankton splitter; 
3. Enumerate successive sub-samples of microbenthos until 200 animals are counted.  If the 

target of 200 animals is reached part way through the sorting of a sub-sample, that sub-
sample is sorted in its entirety; 
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4. Abundance of animals in the macrobenthos fraction is assessed.  If it is estimated that this 
fraction contains less than 200 animals, the macrobenthos is enumerated in its entirety.  If it 
is estimated that this fraction contains more than 200 animals, the sample is partitioned in a 
level tray into 4 parts.  Animals are enumerated from successive sub-samples until 200 
animals are counted.  If the target of 200 animals is reached part way through the sorting of 
a sub-sample, that sub-sample is sorted in its entirety; 

5. Sub-sample counts are rated by number of sub-samples to determine the total count of 
benthos.  For example, if 1 of 8 microbenthos sub-samples is enumerated, the sub-sample 
count is multiplied by 8 to determine the count of microbenthos in the complete sample.  The 
same applies to the macrobenthos. The sum of microbenthos and macrobenthos in the 
complete sample is the sample count; 

6. Proceed with QAQC on 10% of samples from a given year including tests of sorting 
efficiency and measurement of accuracy of sub-sampling method as described in Section 5. 
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