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I’d like to acknowledge my co-author Don Landers and the many people involved over the years in our trawl sampling efforts at Dominion’s Millstone Environmental Laboratory, located in Waterford, CT



DOMINION

Presenter
Presentation Notes
Our ongoing trawl survey has been completed as part of long-term ecological monitoring study at Millstone Power Station, which this year has reached the one-third of a century mark



We use a 30-foot flat otter trawl having a ¼-inch codend inner liner to sample at 3 stations every other week of the year



We take a 0.37 n mi long tow - approximately 700 meters - which is occasionally reduced in length due to excessive macroalgal loading at 2 of our inshore stations



Source of Data



 

Long-term trawl survey completed at three stations 
in vicinity of Millstone Point, CT



 

Three stations sampled (three replicates) every 
other week



 

Tows standardized by distance


 

For this analysis, effort-adjusted catch of each 
taxon summed over a June-May year from June 
1976 through May 2008 (32 years)

Presenter
Presentation Notes
We sample biweekly and have not missed a sampling event over the entire duration of the study

Trawl catches of organisms are standardized by distance towed

Effort-adjust catches over the past 32 years were summed annually in the analyses used for this presentation.  Annual total catches were considered equivalent despite minor differences in trawl effort among years.

Note that for our purposes a year extends from summer through spring as, for example, June of 1976 through May of 1977.  Any year mentioned in this talk refers to the starting year, but remember that it extends through May of the following calendar year.
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Presenter
Presentation Notes
Our study area is located in southeastern CT within waters of eastern Long Island Sound



The Intake station (IN) is found in Niantic Bay off Millstone Power Station in about 25 feet of water.  It has a hard sandy bottom.



The Jordan Cove (JC) station is located within that water body in depths of 15 to 20 feet.  



The Niantic River (NR) station is located in the navigational channel of the lower river in 8 to 12 feet of water.  Both of the inner stations have softer sediments with considerably more macroalgae, eelgrass, and detritus found in these locations than in Niantic Bay.



Abundance Totals



 

115 taxa considered (some higher level):


 

Intake (Niantic Bay):


 

229,181 fish + 53,940 macroinvertebrates



 

Jordan Cove:


 

120,015 fish + 33,644 macroinvertebrates



 

Niantic River:


 

136,975 fish + 276,046 macroinvertebrates

Presenter
Presentation Notes
All told, we’ve identified 115 taxa (some were identified only to the genus or family level).  We’ve enumerated approximately 486,000 fish and nearly 364,000 macroinvertebrates, which consist primarily of crabs, lobster, squid, and larger motile shellfishes.



Overall then, we’ve collected nearly 850,00 specimens, with fish most abundant at the Intake station.  Three-quarters of the invertebrates were taken in the Niantic River.



Cumulative Catch of Taxa
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Presentation Notes
Over time, consistently more species have been recorded at the Jordan Cove site, with 100 of the 115 taxa identified found there.  The rates of species accumulation at each station were fairly similar, with 2-9 taxa added per year during the first decade of study and fewer each year thereafter, with the cumulative curves becoming approximately asymptotic in the  early 1990s.



Number of Taxa by Station
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Presentation Notes
We performed some univariate tests on various trawl community metrics.  We used the non-parametric Kruskal-Wallis test to examine for significant differences, and, if any were found, we compared station pairs using the non-parametric Wilcoxon 2-sample test.



With respect to the annual number of taxa taken at each station, the mean at the Intake station exceeded that in the Niantic River, but other pairs were not significantly different



Total Annual Catch
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Presentation Notes
Mostly due to the larger catches of macroinvertebrates, the total annual catch at NR was significantly greater than at IN, which was in turn greater than JC



JC had the lowest variability in annual catches.  Catches at IN were positively skewed due to several years of very high scup abundance, in particular.



Shannon-Wiener Diversity
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Presenter
Presentation Notes
Not unsurprisingly, JC had a significantly higher Shannon-Wiener diversity index value than IN, which was greater than the river station.  Relatively few species, such as green and spider crabs and winter flounder, numerically dominated the river catches in comparison to the other stations.



Daily Mean Seawater 
Temperature – MPS Intakes

Slope = 0.042oC/year; p=0.0002**;  1.4oC increase over 33 years

Presenter
Presentation Notes
A factor that is likely influencing the kinds and numbers of species present in our study area is water temperature.  This graph shows the annual pattern of water temperature at Millstone Power Station based on continuous records that are summed every 15 minutes. Annual mean temperatures are shown by the black dots.  The 3 thin horizontal lines include the average maximum and minimum temperatures and the mean of all annual values.  The thicker black line shows a significant and positive linear regression of the annual means.  Note that there appears to be a greater frequency of colder winters during the first decade of study than has occurred over the past 20 years, whereas there has been less variability associated with annual summer peaks.  Overall, the trend shows a 1.4 degree C increase in annual mean water temperature.



Multivariate Analyses



 

Hierarchical clustering and nonmetric 
multidimensional scaling (MDS) 
ordination techniques used



 

PRIMER (v. 6) software package


 

Bray-Curtis similarity index an important 
component of this analysis



 

SIMPROF and SIMPER routines helped 
elucidate differences

Presenter
Presentation Notes
With all  these trawl sampling catch data available, how different are our trawl species assemblages by station or year?  What species contribute to differences?  How do we summarize or examine this large dataset to obtain interpretable patterns or results?



Our approach was to use multivariate analyses, which included hierarchical clustering and multidimensional scaling or MDS.  This was implemented through the PRIMER version 6 software package.  The Bray-Curtis similarity index is an important component of our analyses along with two  analytical routines.



SIMPROF or Similarity Profile refers to an a priori permutation test that examines for statistical significance at every node of the clustering dendrogram.



SIMPER refers to Similarity Percentages and the routine decomposes dissimilarities between all pairs of samples examined into percent composition by specific taxa, enabling us to identify species that contributed most to the differences.  This is an exploratory analysis and not a statistical test of differences.



Data Subsetting



 

Catch data screened to remove taxa with 
high proportions of zero catches



 

Criteria for inclusion:


 

>0.2% of total catch at a station and taken in 
at least 7 of the 32 years



 

Analyses used 56 of 115 taxa (49%), but 
99.9% of total catch:


 

44/98 fishes and 12/17 macroinvertebrates

Presenter
Presentation Notes
Because similarities between rare species have little meaning, especially when there are many zero values, they tend to disrupt patterns of clustering and ordination and should be removed prior to any computations



There are no hard and fast rules for sub-setting the data – we included taxa that made up at least 0.2% of total catch at a station and that had been found in at least 7 of the 32 years examined



Thus, our analyses used 56 of 115 taxa, about half, but these taxa included 99.9% of total numerical catch



Data Transformation



 

Data were transformed to help balance 
differing contributions of both abundant 
and less common taxa



 

Graphical technique suggested:


 

slope of log mean abundance vs. log 
standard deviation indicates appropriate 
data transformation

Presenter
Presentation Notes
We also need to balance the contributions of very numerous species with less abundant taxa that nonetheless are important indicators of the trawl assemblages.  This is usually accomplished using a data transformation.



The PRIMER User Manual suggest a graphical technique and we plotted for each of the 56 selected taxa the log of the standard deviation of its annual catch at all stations combined by its log mean value 



Data Transformation
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Presentation Notes
A slope of about 0.9 indicated that a natural log transformation was most appropriate for these data as opposed to, say, a double square root transformation, which would have been indicated by a numerically smaller slope



This transformation helped reduce dominance effects of the most abundant species and increased the information provided by less numerous taxa



Clustering Dendrogram - by Year
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Presentation Notes
We applied a group-average sorting cluster algorithm to the similarity indices generated using the log-transformed annual catches of the 56 trawl taxa analyzed.

The SIMPROF test showed significant differences at a number of nodes (shown in black) at similarity levels of around 80%.  Nodes in red were not significantly different. Thus, we see three distinct periods in the trawl assemblage: 1976 though 79, 1980 through 2001, and 2002 to 2007.  After further examination of the data, we judged some significant differences within Groups II and III to be of less importance as they were the result of variability in the abundances of numerically dominant taxa and some incremental declines or increases in certain taxa, which I will discuss further in this talk.  



Annual Groupings - Similarities



 

14 to 16 taxa accounted for ~50% of 
average similarity within major clusters



 

6-7 taxa made up ~25%

Presenter
Presentation Notes
Dominant species accounted for much of the group similarities, with 14 to 16 taxa accounting for about one-half of the average similarity and 6 to 7 made up approximately 25% 



Annual Groupings - Similarities



 

Group I (1976-1979):


 

Winter flounder, silversides, scup, cunner, 
spider crabs, windowpane



 

Group II (1980-2001):


 

Winter flounder, green crab, spider crabs, scup, 
windowpane, Atlantic rock crab, grubby



 

Group III (2002-2007):


 

Scup, green crab, spider crabs, winter flounder, 
black sea bass, silversides

Presenter
Presentation Notes
Considering the latter, the species listed here in red – winter flounder, scup, and spider crabs - were found in all three of the annual groupings, those in blue (silversides, windowpane, and green crab) appeared in 2 of the 3 groups, and those shown in black only once.



The relatively high abundance of cunner in the early study years reflects the only change we could directly attribute to the construction or operation of Millstone Power Station. After the removal of a rock cofferdam around the newly completed Unit 3 intake structure in 1983, cunner abundance dropped off dramatically at our Intake station, most likely because of the loss of this artificial reef-like habitat.



2D MDS Plot – by Year
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Presenter
Presentation Notes
The non-metric multidimensional scaling is an iterative process that converts similarity matrices used in the clustering analysis into distances in a 2 or 3 dimensional plot with the least amount of stress or distortion.  The closer the points, the more similar are the species composition and abundances.

For the Millstone trawl data, the 2D stress value of 0.11 indicates a useful picture.  The years separated mostly similar to the cluster dendrogram just shown.  As previously noted, the two-decadal period of approximately 1980 through 2000 showed some shifts in species composition and abundance.  For example, lady and Atlantic rock crabs were particularly abundant from 1988 through 1997 in comparison to before or after.  Bay scallop and sea raven abundance decreased throughout the study, whereas black sea bass and Atlantic menhaden increased over time.



Annual Groupings - Dissimilarities



 

15 to 20 taxa accounted for ~50% of 
inter-group differences



 

Of note, some of more abundant taxa 
(winter flounder, scup, spider crabs, 
and silversides) were not informative



 

Exception was green crab, which was 
in low abundance during late 1970s 
(Group I vs. II-III differences)

Presenter
Presentation Notes
A SIMPER analysis indicated that some 15 to 20 taxa accounted for about half the inter-group differences.



Of importance, the more abundant taxa, with the exception of the green crab, were not informative in making up these differences



Annual Groupings - Dissimilarities



 

Over the 32 years, we saw near complete loss 
of bay scallop, three- and fourspine 
sticklebacks, rainbow smelt, and sea raven, 
and decreases in lady crab, lumpfish, and 
American sand lance



 

Had increases in black sea bass, Atlantic 
menhaden, spotted hake, smallmouth flounder, 
striped searobin, clearnose skate, and scup

Presenter
Presentation Notes
Less common species accounted for much of the differences between the year groupings.



Over the years, we saw near complete loss of bay scallop, three- and fourspine sticklebacks, rainbow smelt, and sea raven along with decreases in lady crab, lumpfish, and sand lance.



Conversely, we had increases in black sea bass, Atlantic menhaden, spotted hake, smallmouth flounder, striped searobin, clearnose skate, and scup, particularly in most recent years 
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Presentation Notes
This graphic shows some of the species that have been increasing over time and those in decline.  The size of the bubbles are proportional to the log-transformed annual catches.  The vertical lines demark the three annual groupings and sub-groups of the middle period.



Station Differences
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Presenter
Presentation Notes
Turning now to station comparisons, we were not surprised to find differences among the three stations as they represent three distinct habitats.  Catches at the Niantic River station were distinctively different from those at Jordan Cove and Intake, which showed more overlap in species composition and abundances.  Jordan Cove is geographically closer to the Intake than the latter is to NR.  Although located within a cove, the JC sampling site is deeper and more open to Long Island Sound than the semi-enclosed Niantic River station.



Station Differences



 

Intra-station similarities were 75-78%


 

Stations represent distinctly different 
habitats, with JC and IN showing more 
inter-station similarity (73%) than 
either had with NR (62-66%)



 

17-20 taxa accounted for half of the 
dissimilarities between stations

Presenter
Presentation Notes
Within each station, inter-annual similarities were similar at 75-78%.  Between station similarity was highest between IN and JC at 73% with lower (62 and 66%, respectively) similarity between these stations and the Niantic River.



Some 17 to 20 taxa accounted for half of the dissimilarities between stations



Informative or Distinctive Taxa


 

IN:


 

Longfin squid, whelks, flatclaw hermit crab, 
skates, scup, smallmouth flounder, Atlantic cod, 
silver hake, northern searobin



 

JC:


 

Green crab, rock gunnel, Atlantic tomcod, skates



 

NR:


 

Green crab, lady crab, horseshoe crab, oyster 
toadfish, sticklebacks

Presenter
Presentation Notes
Distinctive taxa at the Intake station included those that are more characteristically marine and those in the Niantic River are estuarine.  Species in Jordan Cove were an admixture.



Conclusions - Analytical Technique



 

Clustering and MDS are complementary 
techniques useful in explaining variability 
found in species assemblages over time 
and space



 

Can differentiate sets of years, stations, 
and taxa



 

Moderately abundant species are often the 
best discriminators

Presenter
Presentation Notes
In conclusion, we found Clustering and MDS to be complimentary techniques useful in explaining variability found in species assemblages over time and space and that gave us mutually consistent results



The techniques can differentiate between sets of years, stations, and, if one transposes the data matrix, also can define species associations



Moderately abundant species are often the best discriminators among sets of stations or years



Conclusions - Millstone Study



 

No negative trends found in taxa or 
abundance indicating community stress



 

Differences in assemblages appear related 
to species preferences and long-term 
changes in habitat or abundances



 

Some changes probably reflect a long- 
term increase in average ambient water 
temperature or localized habitat changes

Presenter
Presentation Notes
We found no trends over time in aggregated annual abundances or in the number of species that would be indicative of any specific community stressors



The differences in assemblages found were probably related to species preferences and long-term changes in habitat or abundances



Some changes most likely reflected a long-term increase in average ambient water temperature as well as some localized habitat changes, such as loss of the artificial rock cofferdam habitat at IN and likely the variation found in eelgrass beds within the Niantic River, which will be discussed later in this session





Conclusions - Millstone Study



 

Scup-black sea bass-spotted hake- 
smallmouth flounder assemblage is currently 
dominant and cool-water fishes are in decline



 

Above species similar to groupings of others - 
commonly characterized as “southern, warm”



 

An ichthyofaunal change has occurred, 
probably associated with warming ambient 
water temperatures 

Presenter
Presentation Notes
Today in the waters around Millstone Point, the scup-black sea bass-spotted hake-smallmouth flounder assemblage is currently dominant and cool-water fishes are in decline



This is a similar group noted by others examining large northeastern US trawl datasets and which has been commonly characterized in the literature as “southern, warm”.  Most of these fishes are considered to be more typical of mid-Atlantic waters than found as abundant fishes in New England



An ichthyofaunal change has occurred, probably associated with warming ambient water temperatures and this will bear further scrutiny in forthcoming years



Questions?

Presenter
Presentation Notes
Thank you very much for your attention.  Are there any questions?
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