
Long	
  Term	
  Trends	
  in	
  Water	
  Quality	
  in	
  Buzzards	
  Bay,	
  Massachuse:s	
  	
  

Introduc<on	
  
Background	
  

Buzzards	
  Bay	
  is	
  a	
  moderately	
  large	
  estuary	
  bordering	
  	
  the	
  southeastern	
  	
  
most	
  sec5on	
  of	
  Massachuse8s	
  (Fig.	
  1).	
  Urbaniza5on	
  of	
  the	
  Buzzards	
  Bay	
  
watershed	
  has	
  resulted	
  in	
  increases	
  in	
  anthropogenic	
  nutrients	
  into	
  the	
  
system	
  and	
  site	
  specific	
  	
  degrada5on	
  of	
  water	
  quality.	
  In	
  an	
  effort	
  to	
  
monitor	
  the	
  overall	
  health	
  of	
  Buzzards	
  Bay,	
  The	
  Buzzards	
  Bay	
  Coali5on	
  
developed	
  the	
  “Baywatchers”	
  	
  program.	
  The	
  Baywatchers	
  Program	
  is	
  a	
  
ci5zen	
  science	
  monitoring	
  program	
  that	
  has	
  resulted	
  in	
  a	
  22	
  year	
  data	
  set	
  
of	
  	
  water	
  quality	
  indicator	
  variables.	
  
	
  	
  

	
  

Remedia5on	
  strategies	
  that	
  consider	
  nutrient	
  loading	
  alone	
  may	
  not	
  
improve	
  water	
  quality.	
  	
  For	
  instance,	
  Chla,	
  oNen	
  used	
  as	
  a	
  response	
  
indicator,	
  increased	
  despite	
  constant	
  TN	
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  in	
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  2013	
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Data	
  Collec1on	
  
•  Over	
  300	
  Sampling	
  Sta5ons	
  throughout	
  Buzzards	
  Bay	
  	
  
•  Baywatchers	
  are	
  given	
  tool	
  kit	
  to	
  collect	
  and	
  process	
  water	
  samples	
  	
  
•  Dissolved	
  oxygen,	
  temperature,	
  salinity,	
  water	
  clarity	
  measurements	
  are	
  
collected	
  weekly	
  on	
  site	
  from	
  May-­‐Sept.	
  
• Water	
  samples	
  are	
  	
  collected	
  for	
  nutrient	
  analyses	
  4x	
  during	
  summer	
  
Data	
  Analysis	
  	
  
•  Examined	
  data	
  from	
  28	
  sta5ons	
  	
  
•  Applied	
  linear	
  regression	
  analysis	
  to	
  determine	
  trends	
  through	
  5me	
  and	
  
trends	
  between	
  	
  different	
  variables	
  
•  Regarded	
  Temperature,	
  Total	
  Nitrogen,	
  and	
  Chla	
  as	
  proxy	
  variables	
  for	
  
clima5c	
  and	
  anthropogenic	
  impacts	
  on	
  Buzzards	
  Bay	
  and	
  the	
  bays	
  response	
  	
  

	
  

Assessment	
  of	
  possible	
  exacerbated	
  changes	
  	
  in	
  nutrient	
  and	
  Chla	
  
concentra5ons	
  as	
  a	
  result	
  of	
  climate	
  change.	
  Development	
  of	
  nitrogen	
  
loading	
  model	
  to	
  determine	
  possible	
  shiNs	
  in	
  ecosystem	
  response	
  to	
  
changes	
  in	
  nitrogen	
  input	
  into	
  	
  Buzzards	
  Bay.	
  

Mo1va1on	
  
•  Anthropogenic	
  nutrient	
  inputs	
  are	
  
a	
  concern	
  for	
  the	
  people	
  that	
  rely	
  
on	
  Buzzards	
  Bay	
  for	
  commercial	
  
and	
  recrea5onal	
  use	
  as	
  well	
  as	
  for	
  
the	
  organisms	
  that	
  	
  depend	
  on	
  the	
  
health	
  of	
  this	
  system.	
  	
  
•  Remedia5on	
  efforts	
  for	
  
anthropogenically	
  induced	
  
phytoplankton	
  blooms	
  	
  can	
  be	
  
be8er	
  developed	
  and	
  implemented	
  
if	
  we	
  are	
  aware	
  of	
  trends	
  over	
  
5me.	
  Fig.	
  1.	
  Loca1on	
  of	
  Buzzards	
  Bay	
  estuary	
  (red	
  star).	
  	
  

Hypotheses	
  
•  Growing	
  popula5ons,	
  increased	
  urbaniza5on,	
  climate	
  change	
  à	
  
Temperature	
  and	
  nutrient	
  loading	
  increasing	
  over	
  5me.	
  	
  
•  Increases	
  in	
  nutrient	
  loading	
  à	
  Increases	
  in	
  Eutrophic	
  condi5ons	
  over	
  
5me.	
  
•  Changing	
  Climate	
  in	
  the	
  form	
  of	
  increasing	
  temperature	
  or	
  
precipita5on	
  à	
  Eutrophic	
  condi5ons	
  exacerbated	
  by	
  changes	
  in	
  
climate.	
  	
  	
  

	
  

Clima5c	
  Impact	
  -­‐	
  Rising	
  or	
  constant	
  temperature	
  	
  	
  

	
  Methods	
  	
  

Fig.	
  4.	
  	
  Chla-­‐concentra1ons	
  across	
  Buzzards	
  Bay	
  in	
  1993	
  and	
  2013.	
  

Anthropogenic	
  Impacts	
  -­‐	
  Variable	
  nutrient	
  trends	
  

Fig.	
  3.	
  Time	
  series	
  example	
  of	
  	
  (A)	
  Temperature,	
  (B)	
  TN,	
  and	
  (C)	
  Chla	
  trends	
  for	
  Wewean1c	
  River	
  (pink)	
  and	
  
Sippican	
  Harbor	
  (black)	
  with	
  Std.	
  bars	
  

Fig.	
  2.	
  (A)	
  Temperature,	
  (B)	
  TN,	
  and	
  (C)	
  Chla	
  trends	
  for	
  	
  28	
  sta1ons	
  analyzed.	
  	
  Circle	
  color	
  represents	
  
the	
  slope	
  significance	
  and	
  direc1on	
  (Red=significant	
  increasing	
  trend,	
  Blue=significant	
  decreasing	
  

trend,	
  Green	
  =no	
  significant	
  trend)	
  

Buzzards	
  Bay	
  Response	
  -­‐	
  Rising	
  or	
  constant	
  Chla	
  

Log10(Chla)(ug/L)	
  
Log10(Chla)(ug/L)	
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Long	
  term	
  trend	
  analyses	
  help	
  assess	
  the	
  effec5veness	
  of	
  remedia5on	
  efforts	
  and	
  	
  helps	
  with	
  developing	
  
mi5ga5on	
  strategies	
  for	
  eutrophic	
  waters	
  

A)	
  

B)	
  

B)	
  

C)	
  

C)	
  

	
  
	
  
	
  

	
  
	
  
	
  
	
  

No	
  Significant	
  Trend	
  
Posi5ve	
  Significant	
  Trend	
  
Nega5ve	
  Significant	
  Trend	
  

A)	
  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  


