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2011: Results

Macroinvertebrate Communities of the Great Swamp, 2011 Results
Executive Summary
In late May, 2011, sampling of macroinvertebrate (MIV) communities was performed at
17 sites spread among the 5 streams that drain the Great Swamp Watershed. To provide a context
for this year’s analysis, the 2000s generally have been distinctly wetter than the average for the
past century. Despite annual ups and downs in individual years, we have offered this shift
toward improved precipitation as a plausible explanation for the trend toward modest
improvement in nearly all B-IBI scores we have observed since 2000. The rainfall pattern for
2011 reveals it to have had a particularly high precipitation preceding our late May sampling
period, followed by massive rainfalls associated with Hurricane Irene.
Between 9 am and 4 pm on May 27, 2011, we used field meters to monitor temperature,
dissolved oxygen (DO), pH, total dissolved substances (TDS), and turbidity at all 17 sites. We
also completed an EPA "high gradient" habitat assessment form (Barbour et al., 1999) at each
site. As usual, highest TDS values were associated with the stressed stream, Loantaka Brook.
Our results agree with Edwards (2008) and are consistent with upstream road salt concentrations
as a source of these high values. TDS readings measured during our annual surveys in this
stream have been increasing steadily since 2008 (to 906 mg/L at LB4). The same is true at BB2
(to 592 mg/L below the Chatham Township Sewage Treatment Plant) and at GB5 (to 498 mg/L
just below Foote’s Pond in Morristown). A jump in turbidity continues to occur between PR3
and PR2 and that persists, though at reduced level, downstream at PR1. The source of silting
must occur somewhere upstream from PR2. As in the past, highest temperatures were associated
with sites just below dammed impoundments. High temperatures added to high TDS at GB5
create doubly stressful conditions for macroinvertebrates there.
A total of 3789 individuals were examined in 2011, representing 116 species. Simuliidae
(blackfly larvae) and caddisfly larvae of the family Hydropsychidae are among groups that often
dominate MIV communities. Both had markedly reduced abundance in 2011 compared to 2010.
Community quality, as reflected in B-IBI scores, matched (4 instances) or exceeded (10
instances - by just 2 points in 4 cases, by 4 points in 3 cases, by 6 points in 3 more) 2010 results
at 14 of our 17 sites. Greatest improvement over 2010 was observed at the lower 3 Great Brook
sites, and at LB3, and PR1. Lower B-IBI scores were found at BB1 and PB3 by 2 points, and at
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PB2 by 8 points. The 8 point decline at PB2 is striking in a year of otherwise good B-IBI
scoring across the watershed. PB2 happens to host a community with compositional features
that fall just at threshold values for several B-IBI components. B-IBI scores there have oscillated
up and down with more frequency than at other PB sites. We should avoid overly-interpreting
disappointing 2011 results because at this site, 4 relatively minor changes happened to cross 2point thresholds all in the same year and led to an initially alarming 8 point reduction.
Sites along Great Brook also have shown considerable variation in B-IBI score in recent
years – especially since 2006 as our sampling period has shifted from June into late May. One
feature common to all the GB cases was an improvement in the B-IBI dominance (DOM)
component in 2011. Examining data for taxa often found at these sites in large numbers (i.e., are
potential contributors to dominance), we find that blackfly larvae (Simuliidae) in particular were
less abundant in Great Brook sites in 2011. This difference drove B-IBI scores up by 2 points.
Also, in 2011 another characteristic contributed 2 additional points to improved B-IBI scores. It
was the proportion of the community comprised of predators (PPRED). Specifically, the
predatory chironomid larva, Cardiocladius obscurus, was much more abundant in 2011. This
species is preys on blackfly larvae in particular. Reciprocal changes in this predator/prey
relationship help to explain the doubled impact (i.e., 4-points) on B-IBI scores at GB sites over
recent years.
The primary contributor to an increase in predators (PPRED) at GB5 in 2011 was the
presence of 46 Dugesia (flatworms) – seen in this stream during these surveys for the first time
since sampling shifted from June into late May. The impoverished site, LB3, below the Morris
Township sewage treatment facility, improved in dominance (DOM) by including no
hydropsychid caddisflies in 2011, as compared to 128 individuals in 2010. Fewer hydropsychids
also helped improve the dominance component at PR1, while the addition of just seven
Cardiocladius individuals was enough to improve its PPRED component.
All in all, 2011 was a year of mostly improved community quality scores.

See Appendix 11-2 for Stream Summaries and suggestions for further action.
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Introduction: The 2010 Great Swamp Watershed Study
In late May, 2011, sampling of macroinvertebrate (MIV) communities was performed at
17 sites spread among the 5 streams that drain the Great Swamp Watershed. See Pollock (2000)
for a complete description of the sampling sites and the methodology that was used during this
survey (techniques based on the EPA Rapid Bioassessment Protocols (Barbour et al., 1999)).
Subsequent modifications of those 2000 protocols used for several years now include: (1) 4
(rather than 3) replicate subsamples are taken and pooled at each site, and (2) composite
materials collected at each site are preserved and returned to the laboratory for processing.

Habitats & Environmental Monitoring
To provide a context for this year’s analysis, in Figure 11-1, we use data (source:
http://climate.rutgers.edu/stateclim _v1/data/ north_njhisttemp.html) to show overall patterns in
annual precipitation in Northern New Jersey since 1900. The trend toward overall increase in
annual rainfall over this time period is clear. But within the larger picture, shorter-term, up-and-
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down patterns of drier vs. wetter conditions are also present. For example, the 1990s were
relatively dry while overall the 2000s have been distinctly wetter. Despite annual ups and downs
in individual years, we have offered this shift toward improved precipitation as a plausible
explanation for the trend toward modest improvement in nearly all B-IBI scores we have
observed since 2000.
Examining Figure 11-2, we can also view recent precipitation patterns from the
perspective of monthly rainfall amounts. The mean monthly values (1895-2011) can be used as
a baseline against which mean values of monthly precipitation since 2005 can be seen to have
been well above average in nearly every month. Also against this background, the curve for
2011 illustrates the particularly high precipitation conditions that preceded our late May
sampling period, followed by the massive rainfalls associated with Hurricane Irene. In sharp
contrast to this 2011 pattern, monthly precipitation to date in 2012 falls strikingly below average.
It remains to be seen how the very wet 2011 (including the impact of Irene) followed by a very
dry start to 2012 will affect our 2012 observations.
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Between 9 am and 4 pm on May 27, 2011, we used field meters to monitor temperature,
dissolved oxygen (DO), pH, total dissolved substances (TDS), and turbidity at all 17 sites. We
also completed an EPA "high gradient" habitat assessment form (Barbour et al., 1999) at each
site. Refer to Table 11-1 for site-specific values for these variables. Table 11-2 shows threeyear comparisons for key variables. The winter/spring period preceding our 2011 sampling was
characterized by high levels of precipitation (see discussion above). Watershed-wide TDS was
higher than in 2010, as was dissolved oxygen. Values for other parameters were intermediate
among those from the last three years.
As we have seen each year, highest TDS values were associated with the stressed stream,
Loantaka Brook. Our results agree with Edwards (2008) and are consistent with upstream road
salt concentrations as a source of these high values. TDS readings measured during our annual
surveys in this stream have been increasing steadily since 2008 (to 906 mg/L at LB5). The same
is true at BB2 (to 592 mg/L below the Chatham Township Sewage Treatment Plant) and at GB5
(to 498 mg/L just below Foote’s Pond in Morristown). Edwards & Curran (2011) observed even
higher TDS readings during some of their samples taken from Great Brook in February – the
height of the road-salt application period. The New Jersey DEP water quality standard for
surface waters sets a TDS limit of 500 mg/L for FW2 waters (including all those in the
watershed). It is disturbing to find values well into the spring/summer period still near or above
the state limit in 3 Great Swamp streams. Measurements are taken during our annual surveys
provide a general context for our review of stream biota. They support more rigorous, on-going
GSWA efforts to identify the source(s) of high and growing TDS -- at the GB5 site especially.
High readings at the BB2 site must be associated with effluent release from the treatment facility.
In Table 11-2 we can see that TDS levels during our recent surveys have been near, at, or above
the state standard at this location.
Table 11-2 also shows that a jump in turbidity continues to occur between PR3 and PR2
and that it continues, though at reduced level, downstream at PR1. This appears to locate the
source of silting somewhere upstream from PR2. Likely sources include run-off from Mt.
Kemble Avenue, large parking lots for commercial establishments and Interstate 287 above PR2,
with possible additional downstream contribution from eutrophic Osborn Pond above PR1. This
year, turbidity was also high at GB3, just below Silver Lake, and at BB1, just downstream from
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Southern Boulevard and a eutrophic golf-hazard pond. In both of these cases, organic detritus
associated with pond productivity and high rainfall is probably, but not demonstrably, the source.
In Great Swamp streams in late spring/early summer, pH does not appear to be a very
important limiting variable. All readings in 2012 fell comfortably close to or within the 7-8 unit
range.
As in the past, highest temperatures were associated with sites just below dammed
impoundments – at BB1 (golf course hazard pond), GB5 (below Foote’s Pond in Morristown),
and PR1 (below Osborn Pond). Temperature was also high at PR2 (associated with an open
canopy stretch both above and below I-287). Overall, temperatures were cooler during 2012
than during the preceding two years.
High temperatures added to high TDS at GB5 create doubly stressful conditions for
macroinvertebrates there. To repeat our comments from last year (Pollock, 2011): “despite
impressive attempts to upgrade landscape features surrounding this water body, including the
replacement of its dam, the pond remains shallow, highly productive, and silty. Often, stringy
green filamentous algae is so abundant covering rocks at this site that they prevent the watercurrent meter’s propeller from turning properly. Ultimately, upstream golf course and dense
suburban properties may contribute to nutrient enrichment here along with other runoff such as
road salt. But it is likely that the quantity of decomposing organic matter in situ presently within
Footes Pond will continue to sustain this eutrophy.”
For the second year in a row, BB1 had very low dissolved oxygen. This location has
intermittent water flow and lies downstream from a very productive golf course water hazard.
Decomposition of organic debris and poor water turnover no doubt account for this problem. In
2010, dissolved oxygen at this site fell below the 5 mg/L state minimum for non-trout FW2
waters. This year, its value was just above this limit.
As usual, the upper two Loantaka Brook sites, LB3 and LB4, scored worst in habitat
quality, while upper Passaic River sites, PR3 and IG1 were highest.

Macroinvertebrate Survey
Data in Appendix 11-1 show that a total of 3789 individuals (3942 in 2010) were
examined in 2011, representing 116 species (105 in 2010). Two among the groups that often
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dominate macroinvertebrate communities had reduced abundance in 2011 compared to 2010:
Simuliidae (blackfly) larvae – 268 individuals in 2011, 632 individuals in 2010; Hydropsychidae
caddisfly larvae – 339 individuals in 2011, 817 individuals in 2010.
Adjusted Beck Index values for 2011 are compared to those of previous years in Table
11-3. Beck Index results for individual sites from 2011 were lower than corresponding B-IBI
Index values as seen in Figure 11-3. The organic pollution focus of Beck's Index appears less
sensitive to the non-point source stress from sediment loading, which is the more common
source of stress in the Great Swamp watershed (see Pollock 2000). A more detailed treatment of
the B-IBI Index results will follow.
Community quality, as reflected in B-IBI scores, matched (4 instances) or exceeded (10
instances - by just 2 points in 4 cases, by 4 points in 3 cases, by 6 points in 3 more) 2010 results
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at 14 of our 17 sites (see Fig. 11-4). Greatest improvement over 2010 was observed at the lower
3 Great Brook sites, and at LB3, and PR1. Lower B-IBI scores were found at BB1 and PB3 by 2
points, and at PB2 by 8 points. Because of the method used in calculating the B-IBI score, we
have routinely considered a change in any direction of only 2 points as not particularly
noteworthy. Specific causes of change in B-IBI scores between 2010 and 2011 can be explored
in Table 11-4.

We can put the community changes seen in 2011 into broader perspective by viewing
them, in Fig. 11-5, relative to 2000-2011 mean values, plus or minus 1 standard deviation. Using
this criterion, only PB2 was significantly low, while BB2, LB1, LB4, and GB2 & 4 sites all fared
much better than average. Seven additional sites were at or close to 1 STD above their mean
values: BB1, LB3, GB3, PB1, PR1, PR2, and PR3. All in all, 2011 can be considered a good
year for the macroinvertebrates of the Great Swamp.
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Combining these strategies for identifying sites of particular interest in 2011, we include
PB2 for its 8-point decline, and LB3, GB2, GB3, GB4, and PR1 for their 4-or-more-point
improvements. Table 11-5 compares B-IBI components at these sites for 2010 and 2011.
Given overall positive results in 2011, the 8 point decline at PB2 is striking. Visually,
PB2 is in an especially attractive and “natural” setting, and no changes in its immediate
surroundings, upstream, or in-stream state were obvious. Consulting Table 11-2 that compares
environmental observations over the past 3 years, we see no noteworthy changes in the
conditions we monitored over the period.
In Table 11-5, double-line boxes mark reduced-score B-IBI categories for 2011 at PB2.
Just above these scores we find the columns of descriptive data that generated them. Changes
for the worse occurred in 2011 including declines in: the negative factor, dominance - DOM
(from 43.2% in 2010 to 54.9% in 2011), and in the 3 positive factors - the proportion of the
community comprised of predators - PPRED (from 10.3% in 2010 to 8.7% in 2011),
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emphemeropteran (mayfly) types - #EPHEM (from 6 in 2010 to 5 in 2011), and in plecopteran
(stonefly) types - #PLEC (from 6 in 2010 to 4 in 2011). But in truth, none of these changes
appear to be as stark in the field as they are in their impact on the Index.
This illustrates issues inherent in using an index based on 8 individual characteristics,
each of which earns a point score of 1, 3, or 5 based on designated cut-off thresholds. For
example, 12 to 20 individual taxa present in a community would earn a score of 3 in the category
TAXA. If there were more than 20 taxa present, the community would score 5 in this good
quality character. But if less than 12 occurred, the score would be 1. If a community hosting 31
taxa in one year fell to just 20 the next, it’s B-IBI score would fall by 2 points from 5 to 3. In
this case, viewing a community that dropped in diversity by about 1/3 would suggest that
something really unfortunate had happened at that site. On the other hand, a community with 21
taxa in year one but 20 taxa in year two would have lost just one taxon, yet its B-IBI score would
have fallen by the same 2 points as in the first example. This loss would be relatively
insignificant. (It is for this reason that we don’t treat an annual change of just 2 points up or
down as particularly noteworthy).
In fact, PB2 happens to host a community with compositional features that fall just at
threshold values (i.e., at the 3/5 borderline) for several B-IBI components. Figure 11-6f shows
that B-IBI scores there have oscillated up and down with greater amplitude than at other PB
sites. Just last year, the B-IBI score at PB2 was more than 1 STD above the mean. So we should
avoid over-interpretation when, as at PB2 in 2011, 4 relatively minor changes all happen to cross
2-point thresholds all in the same year and lead to a potentially alarming 8 point reduction. To
carry this discussion of the potential for being misled by B-IBI results one step further, it would
be possible theoretically that a single individual predatory stonefly larva found in the community
in one year but absent in the next, could potentially cross three 2-point B-IBI thresholds
simultaneously – for TAXA, PPRED, and #PLEC and produce a 6 point B-IBI reduction all by
itself. So B-IBI score changes should catch our attention because they could signal significant
change in environmental conditions up or down. However, they also could be far less important
artifacts of our analytic device as the “unstable” nature of B-IBIs at PB2 appear to be. The 8point decrease in PB2’s B-IBI score places this site “on notice” for our attention during the 2012
sampling period. But given the modest nature of community changes that produced this result
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and lacking of any evidence for surrounding environmental deterioration there, it will not be
surprising to see the B-IBI score bounce back even by several points next year.
Sites along Great Brook also have shown considerable variation in B-IBI score in recent
years – especially since 2006 as our sampling period has shifted from the second week in June
toward dates in late May. Interpretation of this variability, including noteworthy improvement of
scores in 2011, deserves closer examination. A review of the components comprising B-IBI
scores at Great Brook sites over the last two years, in Table 11-5 (where improvements in B-IBI
components are boxed by heavy solid lines), shows that one feature common to all cases was an
improvement in the dominance (DOM) component in 2011. Dominance is defined as the
proportion of the total community comprised of the two most abundant species. High levels of
dominance in macroinvertebrate communities reflect stressful conditions that concentrate
competitive advantage in a few tolerant species. A better score in this feature in 2011 shows that
that the combination of the two most abundant species comprised a smaller proportion of the
community then than they did in 2010. Examining Appendix 11-1 for Great Swamp taxa that are
often found in large numbers (i.e., are potential contributors to dominance), we find that blackfly
larvae (Simuliidae) in particular were much less abundant in the watershed (632 in 2010; 268 in
2012) and at Great Brook sites (380 individuals in 2010, 111 in 2011). The shift to earlier
sampling from 2006 onward has brought us closer to the annually varying point of blackfly
metamorphosis to emerging adults. The relationship between remaining blackfly larvae and
community dominance (DOM) during this period is shown in Figure 11-6.
Further examination of Table 11-4 shows that at three of the four GB sites, another
characteristic contributing 2 more points to improved B-IBI scores was the proportion of the
community comprised of predators (PPRED). Again, examining Appendix 11-1 for predatory
types that may have increased significantly in 2011 compared to 2010, we find the predatory
chironomid larva, Cardiocladius obscurus, meets this criterion in the watershed (21 in 2010, 97
in 2012) and at Great Brook (3 in 2010, 48 in 2011). Simpson & Bode (1980) indicate that this
species is “an engulfer, preying on blackfly larvae (Diptera: Simuliidae). We found a close
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association between these larvae and blackfly larvae, thus the occurrence of blackflies may play
an important role in determining the distribution of Cardiocladius.” In Figure 11-7 we see the
matching relationship between Cardiocladius abundance and the PPRED component of B-IBI at
Great Brook from 2006-2011.
Predators typically experience increases and decreases that match those of their prey –
but in delayed phase. Prey increase can stimulate production of more predators. That, in turn,
can contribute to subsequent prey reduction – that leads to less support for predators. And so on.
Increased presence of a comparatively abundant predator (a potential 2-point contributor
to B-IBI via PPRED) is associated with a reduced number of its prey - an important dominant
species (a second potential 2-point contributor to B-IBI via DOM). Figure 11-8 diagrams the
relationship of these 2 B-IBI components in the 2006-2011 period. Threshold values for each
component are indicated by arrows. Depending on where these two linked species are in their
just-out-of-phase cycles in a given year, the total B-IBI number can raise or fall by 4 points from
this relationship alone.
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As an example, years high in Cardiocladius population (but low in blackfly larvae)
across the watershed, in Figure 11-9, correspond to high mean B-IBI scores at Great Brook sites,
(r = 0.8287, p<0.05). We do not claim to understand the environmental conditions that control
the abundance of blackfly larvae or the degree to which Cardiocladius impacts blackfly
populations. However, it appears that much of the variability in Great Brook B-IBI scores may
be explained by the doubled impact (i.e., 4-points) created by predator/prey fluctuations
involving Cardiocladius and its prey, Simuliidae larvae.
The primary contributor to an increase in predators (PRED) at GB5 in 2011 was the
presence of 46 Dugesia (flatworms) – seen in this stream for the first time since sampling shifted
from June into late May. The impoverished site, LB3, below the Fanok Road sewage treatment
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facility, improved in dominance (DOM) by including no hydropsychid caddisflies in 2011, as
compared to 128 individuals in 2010. Fewer hydropsychids helped improve the dominance
component at PR1 as well, while the addition of just seven Cardiocladius individuals was
enough to improve its PPRED component. Remaining components of change in 2011 appear to
be relatively minor, borderline shifts in the presence or absence of various groups.
Finally, observing changes in B-IBI values for each site since 2000 (see Fig. 11-10a-g)
helps to view this year's results in another perspective – as part of trend patterns. Nearly all sites
display a degree of oscillation as B-IBI components reflect observed changes in community
composition over this period. The trend in nearly all cases is to hold steady or gently improve.
This year, only the PB2 site, discussed in detail above, declines in noteworthy fashion. Another
general pattern visible in these figures is that in all but Great Brook sites, the degree of
variability in B-IBI score appears to have reduced – especially since 2006 when sampling shifted
15

to a slightly earlier date each year.
For a final summary view, in Figure 11-11, we plot average values for all the sites in each
stream. Trend lines highlight the improving progression for Great Swamp stream communities.
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Stream Summaries
See Appendix 11-2 for Stream Summaries and suggestions for further action.

The June 2011 Great Swamp Watershed Study: Recommendations
1. With 20 years of unbroken annual data on Great Swamp Watershed streams, continuing
to monitor these 17 sampling sites carries significant regional value.
2. A series of stream-site specific recommendations have been made below in the Stream
Summaries section of this report (Appendix 11-2).
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3. We have highlighted issues to be alert to in 2012 sampling. They include:
-- Building TDS levels at GB5, BB2, and LB4.
-- Locating the source of turbidity between PR3 and PR2.
-- Keeping an eye on the decline in B-IBI score at PB2 – is it a consequence of minor
changes in threshold community members or does it signify something more
important?
-- Continuing concern regarding poor environmental conditions at GB5.
-- Detecting the possible influence of a year with heavy participation (2011), followed by
several months of very low precipitation (2012).
--Exploring the impact of simulid/Cardiocladius predator/prey relations on B-IBI scores
for Great Brook.
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