
WESTFIELD & DEERFIELD RIVER WATERSHEDS 

  

2011-2012 POST-IRENE MACROINVERTEBRATE RECOVERY 

MONITORING 
 

 

 
Prepared for 

 

WILD & SCENIC WESTFIELD RIVER COMMITTEE 
P.O. Box 393 

Huntington, MA 01050  
 

 

By 

 

Michael B. Cole, Ph.D. 

COLE ECOLOGICAL, INC. 

15 Bank Row, Suite B 

Greenfield, MA 01301 

 

September 2013



 

M. Cole  Post-Flood Macroinvertebrates Recovery i



 

M. Cole  Post-Flood Macroinvertebrates Recovery ii

TABLE OF CONTENTS 

 
LIST OF TABLES ............................................................................................................. iii 

 

LIST OF FIGURES ........................................................................................................... iii 

 

ACKN average of 7,519 organisms/m2 OWLEDGMENTS ............................................. iv 

 

INTRODUCTION .............................................................................................................. 1 

 

METHODS ......................................................................................................................... 1 

 

SAMPLE SITE SELECTION......................................................................................... 1 

 

FIELD DATA COLLECTION ....................................................................................... 2 

 

SAMPLE SORTING AND MACROINVERTEBRATE IDENTIFICATION .............. 3 

 

DATA ANALYSIS ......................................................................................................... 3 

 

RESULTS & DISCUSSION............................................................................................... 3 

 

LITERATURE CITED ..................................................................................................... 11 

 

 



 

M. Cole  Post-Flood Macroinvertebrates Recovery iii 

  

LIST OF TABLES 

Table 1. Flood recovery monitoring sites in the Westfield and Deerfield River watersheds

..................................................................................................................................... 1 

 

Table 2. Sampling schedule for Tropical Storm Irene flood effects and recovery 

monitoring in the Westfield and Deerfield River watersheds. .................................... 2 

 

Table 3.  Metrics used to assess macroinvertebrate community responses to and recovery 

following Tropical Storm Irene . ................................................................................ 3 

 

Table 4.  Macroinvertebrate community total densities, total taxa richness, and EPT 

richness from three stream and river reaches in the Westfield River watershed 

sampled before and after Tropical Storm Irene. ......................................................... 7 

 

Table 5.  Macroinvertebrate community total densities, total taxa richness, and EPT 

richness from three stream and river reaches in the Deerfield River watershed 

sampled before and after Tropical Storm Irene. ......................................................... 8 

 

 

LIST OF FIGURES 

Figure 1. .  Graphs depicting macroinvertebrate community total densities, total taxa 

richness, and EPT richness from three stream and river reaches in the Westfield 

River watershed sampled before and after Tropical Storm Irene.  Blue vertical lines 

represent TS Irene on X axis (late August 2011). ....................................................... 9 

 

Figure 2. Graphs depicting macroinvertebrate community total densities, total taxa 

richness, and EPT richness from three stream and river reaches in the Deerfield 

River watershed sampled before and after Tropical Storm Irene.  Blue vertical lines 

represent TS Irene on X axis (late August 2011). ..................................................... 10 



 

M. Cole  Post-Flood Macroinvertebrates Recovery iv

ACKNOWLEDGMENTS 

Monitoring in the Westfield River watershed was funded through the National 

Park Service’s Partnership Wild & Scenic Rivers Program, Wild & Scenic Westfield 

River Committee.  Westfield River watershed samples Collected by Wild & Scenic 

Westfield River Stream Team volunteers and students and faculty at the Westfield State 

University, Departments of Biology and Environmental Science.  Field monitors for the 

Westfield project included Dalyan, June and Meredyth Babcock, Mallory Barrow, Bob 

Coler, Cindy Delpapa, David Doe, Ilene and Bruce Hart, Melissa Herliczek, Michael 

Jocelyn, Heather Linscott, Jennifer Petrucci, Nancy Rich, Samuel Rowlett, Cathy 

Stillerman, and Robert Thompson.  Carrie Banks of the Massachusetts Division of 

Ecological Restoration was the Westfield River watershed survey field coordinator. 

Monitoring in the Deerfield River watershed was led by Michael Cole.  Volunteer 

field monitors were Liberty Styles, Riley Kelleher, and Shannon Aurigemma. 

 

 

  



 

M. Cole  Post-Flood Macroinvertebrates Recovery 1

INTRODUCTION 

Tropical Storm Irene brought severe and widespread flooding to western 

Massachusetts.  Flows were the highest on record for many rivers and streams, resulting in 

severe bank and channel scour.  This event and the attendant damage wrought likely 

significantly affected life in local rivers and streams.  Benthic macroinvertebrates, by virtue 

of their relatively limited mobility and close association with river bottoms, were likely 

particularly heavily impacted.  Sufficiently high flows will induce downstream movement of 

the channel substrate, known as “bed-load movement”.  When this occurs, 

macroinvertebrates effectively have “no place to hide”, and mortality can be significant.  For 

example following Tropical Storm Irene, densities of macroinvertebrates sampled from the 

Deerfield River averaged only 20 individuals per square meter, compared to almost 8,000 

individuals per square meter in October of 2006 at the same location.  This result suggests 

that macroinvertebrate communities are not likely able to resist a disturbance of such 

magnitude, and similar effects can be expected in other heavily flooded rivers. 

Macroinvertebrate communities are used to monitor the health of both the Westfield 

and Deerfield river watersheds.  This monitoring occurs annually in each watershed in the 

early fall.  In 2011, Tropical Storm Irene effectively precluded a “normal” sampling year, in 

which the data are used for assessing waterbody conditions and trending these conditions 

over time.  Rather, conditions presented a rare opportunity to assess the effect of an historic 

flood event on watershed resources and monitor post-flood recovery.  While the resistance of 

macroinvertebrate communities to such an event is low, the resilience of the community – the 

ability to recover from such an event – will determine how much time will pass before river 

communities return to a pre-flood condition.  Accordingly, the Fall 2011-Fall 2012 sampling 

seasons were substituted with flood recovery monitoring to answer the following questions:  

What was the effect of the flooding on macroinvertebrate communities in the Deerfield and 

Westfield river watersheds?  How long does recovery to pre-flood conditions take? 

METHODS 

SAMPLE SITE SELECTION 

 Drawing from established monitoring sites, a small number of flood effects and 

recovery sites were selected in the Deerfield and Westfield river watersheds (Table 1).  Sites 

were selected in both watersheds to represent a range in drainage area sizes.  Only sites 

that had been assessed prior to August 2011 were included to allow evaluation of post-

flood effects relative to pre-flood conditions.  Most sites had been assessed within a year 

prior to the August 2011 flood. 

Table 1. Flood recovery monitoring sites in the Westfield and Deerfield River watersheds  

 
Watershed Waterbody Site Code Town 

Westfield E Br Westfield WREB18.7 Cummington 

 Sanderson Brook SB0.30 Chester 

 Yokum Brook YB0.35 Becket 

Deerfield Deerfield River DRRM25 Charlemont 

 Green River GRM01A Greenfield 

 Green River GRM04 Greenfield 
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FIELD DATA COLLECTION 

Macroinvertebrates were collected for a year post-Tropical Storm Irene according to 

the timeline in Table 2.  The specific timing of sampling varied among stations, but 

common to almost all stations was the availability of pre-flood data (sampling years 

varied among sites) and multiple sampling events in 2011 and 2012 following the flood.   
Sampling in each watershed occurred using volunteers led by project coordinators, as 

detailed in the monitoring programs’ respective Quality Assurance Project Plans (Banks 

2011, Cole 2011).  Michael Cole provided technical and laboratory support to the programs.  

Dr. Cole led volunteer field sampling in the Deerfield River watershed and assisted with 

coordinating field sampling in the Westfield River watershed.  Pre-flood macroinvertebrate 

community data collected in 2006 for Yokum Brook and April and July 2011 for Sanderson 

Brook and in were provided by the MassDEP. 

Macroinvertebrate samples were collected using methods employed by the 

MassDEP for assessing the condition of macroinvertebrate communities in Massachusetts 

streams (Nuzzo 2003).  These methods are based on the US EPA Rapid Bioassessment 

Protocols (RBPs) for wadeable streams and rivers (Barbour et al. 1999).  Sampling 

activities were conducted in accordance with the Quality Assurance Project Plans (QAPP) 

for the Westfield River and Deerfield River watersheds benthic macroinvertebrate 

monitoring programs (Banks 2011, Cole 2011). The only changes to the methods include the 

collection of additional duplicate samples and the use of a rectangular frame to standardize 

the area of stream bottom sampled and to achieve greater precision of density estimates. 

Macroinvertebrates were collected from each site using kick-sampling, a method 

by which organisms are sampled by disturbing streambed substrates and catching 

dislodged organisms in a net.  At each sample site, ten kick samples of approximately 

0.46 m x 0.46 m were collected and composited for a total sampled area of approximately 

2 m
2
.  Sampling targeted fast-water areas with coarse substrate within each of the sample 

sites.  Samples were labeled and preserved in the field with denatured 95% ethanol for 

later processing and identification in a laboratory.   

 

Table 2. Sampling schedule for Tropical Storm Irene flood effects and recovery 

monitoring in the Westfield and Deerfield River watersheds. 

 

2006 2008 2009 2010 2011 2012 

Site Sep   Sep   Sep   Sep Oct   Apr Jul Aug Sep Oct Nov   Jan Apr Sep Oct 

Westfield 
           

F
L

O
O

D
 

        SB0.30 Y Y Y Y Y 

WREB18.7 Y Y Y Y Y Y Y 

YB0.35 Y Y Y Y Y 

Deerfield 

GRM01A Y Y Y Y Y Y Y Y 

GRM04 Y Y Y Y Y Y 

DRRM25 Y                       Y Y   Y Y Y   
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SAMPLE SORTING AND MACROINVERTEBRATE IDENTIFICATION 

Samples were sorted to remove a 100-organism subsample from the original 

sample using procedures described in Nuzzo (2003).  Samples were first distributed in 

gridded pans.  Macroinvertebrates were sorted from randomly selected grids until 100 

organisms (±10%) were removed.   The remainder of the unsorted grids was then scanned 

for large/rare organisms that were not encountered during the 100-organism subsampling.  

These organisms were then removed and placed in a separate “large/rare” organism vial. 

Specimens were identified to the lowest practical taxonomic level (generally 

genus or species) as allowed by specimen condition and maturity.  Taxonomic keys used 

included Merritt and Cummins 1996, Wiggins 1996, Stewart and Stark 2002, Peckarsky 

et al. 1990, and Epler 2000. 

DATA ANALYSIS 

Macroinvertebrate taxonomic data were summarized using three metrics, each of 

which describes an attribute of the macroinvertebrate community that is known to be 

responsive to disturbance: total macroinvertebrate density; total taxonomic richness; and 

total richness of mayfly, stonefly, and caddisfly taxa (“EPT” taxa). Two of the three 

metrics calculated are used by MassDEP’s modified Rapid Bioassessment Protocol III 

(Nuzzo 2003, Barbour et al. 1999).   

 

Table 3.  Metrics used to assess macroinvertebrate community responses to and recovery 

following Tropical Storm Irene . 

 

Metric Description 

Density Total number of organisms per square 

meter of stream bottom 

Total Taxa Richness* Total number of taxa subsampled 

EPT Richness* Total number of mayfly 

(Ephemeroptera), stonefly (Plecoptera) 

and caddisfly (Trichoptera) taxa 

subsampled 
*included in MassDEP multimetric index 

 

 Raw data were summarized by sample according to these three metrics.  Graphic 

analysis was used to examine post-Irene effects and subsequent recovery relative to 

conditions measured antecedent to Tropical Storm Irene. 

 

RESULTS & DISCUSSION 

Based on macroinvertebrate samples collected from the Westfield River 

watershed antecedent to Tropical Storm Irene flooding (fall 2010 and spring/summer 

2011), pre-flood macroinvertebrate community densities numbered several thousand 

individuals per square meter of stream bottom (Table 4 and Figure 1).  In the East Branch 

of the Westfield River (sample site WREB18.7), macroinvertebrate densities were 2,631 
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organisms/m
2
 in September of 2010, based on a single sample from this site (Table 4).  A  

substantially lower density of 274 organisms/m
2
 was measured from this same site in 

October 2010 following a series of storm events that increased river discharge from low-

flow conditions (~11 cfs) to 1,950 cfs in the mainstem of the Westfield River (Table 4 

and Figure 1).  This result suggests that flows below flood stage can exhibit significant 

short-term effects on macroinvertebrate abundance.  Sanderson Brook macroinvertebrate 

densities exceeded 3,000 organisms/m
2
 in both April and July 2011.  No pre-flood 

density data were available for Yokum Brook. 

Macroinvertebrate densities were severely depressed in all three Westfield River 

watershed sample reaches following TS Irene flooding. Densities in the East Branch 

(WREB18.7) remained at less than 70 organisms/m
2
 into November of 2011, while those 

in Sanderson Brook were 29 organisms/m2 in October 2011 (Table 4 and Figure 1).  

Post-flood densities appeared to be increasing most rapidly in Yokum Brook through 

spring 2012, while the rate of recovery appeared to be slowest in the East Branch of the 

Westfield River (Table 4 and Figure 1).  By September 2012, one year following TS 

Irene floods, densities in the East Branch of the Westfield River were higher than those 

measured during pre-flood sampling events (Table 4 and Figure 1).  Yokum Brook 

densities had increased to 3,289 individuals/m
2
 by September 2012 from fewer than 100 

organisms/m
2
 in October 2011.  While Yokum Brook and the East Branch site showed 

considerable increases in densities between April and October 2012, Sanderson Brook 

densities did not respond similarly, but remained well below pre-flood conditions through 

September 2012. 

Pre-flood total taxa richness from the East Branch of the Westfield River 

averaged 41 taxa in 2010 and 36 taxa in September 2011 following the flood (Table 4 and 

Figure 1).   Post-flood total richness ranged from 24 to 37.5 from September 2011 

through September 2012 in the East Branch, suggesting a potential marginal effect on the 

number of taxa.  Interestingly, total taxa richness was lowest at this site in November 

2011, averaging more than 10 fewer taxa than collected in October 2011 or April 2012.  

Total richness in Sanderson Brook was substantially reduced following TS Irene 

flooding, as richness decreased from an average of 41 taxa in spring/summer 2011 to 21 

taxa in October 2011.  Total richness in Sanderson Brook remained reduced relative to 

pre-flood conditions through April 2012, and then a marginal increase to 26 taxa in fall 

2012.  Total taxa richness averaged 27.5 from Yokum Brook in 2006, and was never less 

than 31 taxa following the flood event. 

Similarly EPT richness (mayfly, stonefly, and caddisfly richness) was similar 

between pre- and post-flood sampling on the East Branch (Table 4 and Figure 1), but was 

reduced from an average of 22 taxa to fewer than 17 taxa on Sanderson Brook.  

Furthermore, EPT richness remained reduced on Sanderson Brook through April 2012 

(Table 4 and Figure 1); by September 2012, EPT richness had increased to 19 taxa, very 

similar to the July 2011 pre-flood EPT richness of 20. EPT richness from Yokum Brook 

was lower in 2006 (14.5 taxa) than during any of the post-Irene sampling events.   

Macroinvertebrate densities were also severely depressed at Deerfield River 

watershed sample sites following TS Irene flooding.  Pre-flood densities in the mainstem 

of the Deerfield River at DRRM25 were estimated to number in the thousands based on 

September 2006 sampling that measured an average of 7,519 organisms/m2 at this 

location in the river.  Following TS Irene flooding, densities at this location were reduced 
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to fewer than 20 organisms/m
2
.  Similarly, pre-flood densities in the Green River were 

estimated to number in the thousands, based on 2009 and 2010 data (Table 5 and Figure 

2).  Densities at GRM01A were reduced to 37 organisms/m
2
 and at GRM04 to 32 

organisms/m
2
.  Macroinvertebrate densities exhibited the fastest recovery rate at GRM04, 

increasing to 694 organisms/m
2
 by January 2012.  However, macroinvertebrate densities 

in the lower Green River at GRM01A remained below 100 organisms/m
2
 at this time. 

By April 2012, densities at GRM04 increased to 1,274 organisms/m
2
, indicating 

the most rapid rate of recovery among all six sties included in the post-flood monitoring.  

In contrast, macroinvertebrate densities in the mainstem Deerfield River (DRRM25) were 

only 198 organisms/m
2
 in April 2012 (Table 5 and Figure 2).  By September 2012, 

densities has substantially increased at all three sites to 4,500-6,000 organisms/m
2
.  This 

significant increase in densities between spring and fall 2012 was observed at five of the 

six study sites, indicating that macroinvertebrate communities in most rivers and streams 

in the region had likely recovered to approximate pre-flood densities by fall 2012, only 

one year following the historic flood event. 

Neither total richness nor EPT richness at the Deerfield River watershed sites 

exhibited any large changes from before to after the flood (Table 5 and Figure 2).  Total 

and EPT richness were 25 and 18 at DRRM25 in September 2006, and were 40 and 22 in 

November 2011.   Total and EPT richness appeared to be lower in January 2012 than 

either before or after this sampling date.  Larvae of the Diptera family Chironomidae 

were numerically dominant in the river at this time, likely a result of their multi-voltine 

life cycle.  Consequently, fewer taxa would be expected to be included in the subsample 

(used to calculate the metrics) because of the large number of Chironomidae included in 

the subsample.  As such, the apparent reductions in richness are likely the result of this 

“uneveness” in the community at the time of sampling, rather than an actual decrease in 

richness in the river.  A similar pattern of reduced richness occurred for the same reason 

at the lower Green River site, GRM01A.  In this case, a high abundance of the early 

stonefly genus Allocapnia sp., likely resulted in the low total and EPT richness measured 

in January 2012. 

Collectively, these results suggest that macroinvertebrate communities were 

significantly affected by the TS Irene floods, experiencing drastic reductions in 

population sizes.  However, these effects appear to have been relatively short lived, as 

densities rebounded to pre-flood conditions within a year of the flood event.  Effects on 

total and EPT (mayfly, stonefly, and caddisfly) taxa richness was variable, as some sites 

evidently supported lower richness following the flood, while others did not.  Where 

richness had initially decreased, subsequent increases to pre-flood levels were largely 

observed by fall 2012.  While these analyses did not examine species-specific responses, 

this result generally suggests that the ability to recover from disturbance does not vary 

widely among the taxa in these communities; if such were the case, subsamples would be 

dominated by fewer taxa, resulting in low richness.  In this study, several reaches 

exhibited a high dominance by only a few taxa (as discussed earlier) within a half year of 

the flood event, indicating that recovery by some species may occur more rapidly over 

the short term (months), and resulting in apparently lower richness when subsampling is 

used to process the samples.  However, such dominance by a few taxa appears to largely 

disappear over longer time periods encompassing an entire year or more.  
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 Other studies have demonstrated that while the resistance of aquatic communities 

to floods is low, their resilience (capacity to recover) is high (Lake 2000).  Recovery to 

pre-flood densities in the Deerfield and Westfield River watersheds is likely a result of 

both reproduction by surviving organisms and re-colonization from upstream and 

hyporheic environments.  The rate of re-colonization is a function of the timing, duration, 

and intensity of the flood; the spatial extent of the affected area, the composition of the 

biota (and their ecological traits), and the availability of colonists (Lake 2000).  This 

study demonstrates the resilience of macroinvertebrate communities following a severe 

flood event.  Interestingly, recovery occurred in nearly all six streams; only Sanderson 

Brook showed less than full or near-full recovery of both richness and densities within a 

year following the flood.  Further examination of the physical and hydrologic attributes 

of Sanderson Brook relative to the other systems may provide some insight into this 

apparent disparity.  Additional sampling of Sanderson Brook in fall 2013 is 

recommended to assess the extent of recovery at two years following the flood event. 
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Table 4.  Macroinvertebrate community total densities, total taxa richness, and EPT 

richness from three stream and river reaches in the Westfield River watershed sampled 

before and after Tropical Storm Irene. 

  MONTH/YEAR   

Sep-06 Sep-10 Oct-10 Apr-11 
Jul-

11 
Sep-11 Oct-11 Nov-11 Apr-12 Sep/Oct-12 

SITECODE DENSITY 
 

SB0.30  
  

3610 3017 
 

29 (3.6) 191 (73) 554 (278) 556 

WREB18.7  2631 253 
  

42 60 (5.6) 67 (0.1) 363 (128) 4060 (889) 

YB0.35 NA 
     

96 (21.4) 233 (15) 866 (272) 3289 

RICHNESS 
 

SB0.30  
  

37 45 
 

21 (1.4) 20.5 (0.7) 21 (4.2) 26 

WREB18.7  40 42 
  

36 37.5 (3.5) 24 (4.2) 35.5 (3.5) 36 

YB0.35 27.5 
     

36 (5.7) 30.5 (0.7) 36 (7.1) 34 (1.4) 

EPT RICHNESS 
 

SB0.30  
  

24 20 
 

16.5 (2.1) 17 (1.4) 13.5 (0.7) 19 

WREB18.7  24 27 
  

25 26.5 (2.1) 15 (4.2) 25 (4.2) 21 

YB0.35 14.5 
     

28 (2.8) 20 (0.0) 23 (2.8) 25 (1.4) 
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Table 5.  Macroinvertebrate community total densities, total taxa richness, and EPT 

richness from three stream and river reaches in the Deerfield River watershed sampled 

before and after Tropical Storm Irene. 

MONTH/YEAR 

  Sep-06 Oct-09 Sep-10 Oct-10 Sep-11 Oct-11 Nov-11 Jan-12 Apr-12 Sep-12 

Site Code DENSITY 

DRRM25 
7519 

(2211)    
  

19.1 

(9.0) 

45.5 

(18.3) 

226 

(89) 

198 

(42) 

4508 

(1724) 

GRM01A 
 

3816 

(2190)  

1991 

(662) 
  

36.6 

(11.7) 

76.7 

(19.4) 
62 

442 

(23) 

5104 

(1925) 

GRM04     1551   78.4   
279 

(46) 

694 

(131) 

1274 

(304) 

5989 

(834) 

 
RICHNESS 

DRRM25 
25.3 

(2.5)    
  

24.5 

(3.5) 

40.5 

(9.2) 

21 

(2.8) 

27 

(1.4) 

34.5 

(5.0) 

GRM01A 
 

34.3 

(5.9)  
22   

28.5 

(2.1) 

20 

(1.4) 
16 

32 

(5.7) 

32.5 

(7.8) 

GRM04     36   32   
26.5 

(3.5) 

22.5 

(0.7) 

25.5 

(5.0) 

37.0 

(5.7) 

 
EPT RICHNESS 

DRRM25 
18.3 

(1.5)    
  

15.0 

(2.8) 

22 

(5.6) 

12 

(1.4) 

11.5 

(0.7) 

22 

(2.8) 

GRM01A 
 

19.0 

(4.4)  
9   

14.5 

(3.5) 

11 

(1.4) 
11 

13 

(2.8) 

15 

(4.2) 

GRM04     15   19   
18 

(2.8) 

15 

(1.4) 

16.5 

(0.7) 

20.5 

(2.1) 
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Figure 1. .  Graphs depicting macroinvertebrate community total densities, total taxa 

richness, and EPT richness from three stream and river reaches in the Westfield River 

watershed sampled before and after Tropical Storm Irene.  Blue vertical lines represent 

TS Irene on X axis (late August 2011). 
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Figure 2. Graphs depicting macroinvertebrate community total densities, total taxa 

richness, and EPT richness from three stream and river reaches in the Deerfield River 

watershed sampled before and after Tropical Storm Irene.  Blue vertical lines represent 

TS Irene on X axis (late August 2011). 
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APPENDIX 1: STUDY SITE PHOTOS 

 

  
SB0.30 – Sanderson Brook, 10-18-2011  GRM01A – lower Green River, 1-11-2012 

 

  
WREB18.7 – E. Br. Westfield R, 9-18-11  GRM04 – Green River, 9-17-2011 

 

  
YBM0.35 – Yokum Brook, 10-18-2011  DRRM25 – Deerfield River, 10-8-11 

 

 

 


