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Shifting Objectives – Individuals to Ecosystems 



Two Major Challenges 

Time  
o Climate is changing over years and 

decades 
o Experiments are generally short in 

duration; days, weeks; months 
o Shock response vs long term 

acclimation adaptation 
 
 

Complexity  
o Multiple stressors 
o Interactions occur between 

species, but also within species 
(between populations) and within 
individuals 

o Climate vs weather 



  2008       2009      2010      2011       2012       2013      2014      2015       2016     2017 

Measured DIC (black dots) 

Trend analysis  Seasonal fit (grey line) 

Trend analysis  Seasonal fit (grey line) 

Calculated pH [from DIC & TA] (black dots) 
Measured pH [on L4 buoy] (red dots) 

Trend analysis  Seasonal fit (grey line) 

Calculated  Ω [from DIC & TA] (black dots) 

Climate vs Weather 

Extreme events are 
really important but 
gradual (chronic) 
change can have 
impacts across life 
times & generations  
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  Lowered pH causes significant increase in 
respiratory rate 

  Regrowth significantly longer at lowered pH 

  pH significantly affects calcium content in arm 
regrowth 

  Arm regrowth has significantly higher calcium 
content than established arms 

A story 10 years in the making……. 

What’s 
the 

cost? 

http://www.habitas.org.uk/marinelife/photo.asp?item=ampfil
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		8		7.55176605		7.55176605

		7.7		11.4668054308		11.4668054308

		7.3		14.9454948946		14.9454948946

		6.8		15.1587823835		15.1587823835



pH

umol oxygen/day/g animal ± 95% CI
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		8		3.8530126623		3.8530126623

		7.7		5.8505184387		5.8505184387

		7.3		7.7743404904		7.7743404904

		6.5		7.7342147627		7.7342147627



pH

umol O2/day

weight adjusted o2 consumption

50.1777206907

88.30468537

67.4541245224

88.0020625716



weight adjusted data

		

		1		1		67.0833333333				8.1904415835		1		1		8.1904

		1		1		49.125				7.0089228844		1		1		7.0089

		1		1		57.5				7.5828754441		1		1		7.5829

		1		1		39.525				6.2868911236		1		1		6.2869

		1		1		27.5833333333				5.2519837522		1		1		5.252

		1		1		50.9718596219				7.1394579361		1		1		7.5829

		1		1		50				7.0710678119		1		1		2.2361

		1		1		75.25				8.6746757864		1		1		8.6747

		1		1		59.8846153846				7.7385150633		1		1		7.7385

		1		1		82.2954545455				9.0716842177		1		1		9.0717

		1		2		39.225				6.262986508		1		2		6.263

		1		2		55.03125				7.4183050625		1		2		7.4183

		1		2		37.2692307692				6.1048530506		1		2		6.1049

		1		2		64.3695652174				8.0230645777		1		2		8.0231

		1		2		56.4473684211				7.5131463729		1		2		7.5131

		1		2		55.875				7.4749581939		1		2		7.475

		1		2		48.9335817596				6.9952542312		1		2		7.0089

		1		2		49.9285714286				7.066015244		1		2		7.066

		1		2		7.40625				2.7214426321		1		2		2.7214

		1		2		74.85		52.4277206907		8.6515894493		1		2		8.6516		6.893515		1010.27519209		50.5137596045

		2		1		102.4971428571				10.1240872604

		2		1		60.5353846154				7.7804488698

		2		1		109.7236363636				10.4749050766										mean

		2		1		65.4742857143				8.0916182383								8		50.1777206907		3.8530126623

		2		1		57.5858823529				7.5885362457								7.7		88.30468537		5.8505184387

		2		1		65.1466666667				8.0713485036								7.3		67.4541245224		7.7743404904

		2		1		66.5890909091				8.1602139009								6.5		88.0020625716		7.7342147627

		2		1		73.29				8.5609578903

		2		1		96.0564705882				9.8008403001

		2		1		36.0457142857				6.0038083152

		2		2		122.64				11.0742945599

		2		2		59.72				7.7278716345

		2		2		74.64				8.6394444266

		2		2		143.6123076923				11.9838352664

		2		2		109.264				10.4529421696

		2		2		78.5353846154				8.8620192177

		2		2		74.685				8.6420483683

		2		2		97.6906575904				9.8838584364

		2		2		82.4715789474				9.0813864001

		2		2		58.9976470588		81.7600425129		7.6809925829

		3		1		84.8842105263				9.2132627514		3		1		9.2133

		3		1		53.95				7.3450663714		3		1		7.3451

		3		1		56.55				7.5199734042		3		1		7.52

		3		1		62.4				7.8993670633		3		1		7.8994

		3		1		44.8864864865				6.6997377924		3		1		6.6997

		3		1		95.9294117647				9.7943561179		3		1		9.7944

		3		1		47.9294117647				6.9231070889		3		1		6.9231

		3		1		60.3428571429				7.7680664996		3		1		7.7681

		3		1		48.8769230769				6.9912032639		3		1		6.9912

		3		1		33.8769230769				5.8203885675		3		1		5.8204

		3		2		92.6769230769				9.6268854297		3		2		9.6269

		3		2		77.4822067183				8.8023977823		3		2		5.8992

		3		2		75.9456266609				8.7146788042		3		2		7.0089

		3		2		173.7142857143				13.1800715368		3		2		4.1679

		3		2		113.4461538462				10.6511104513		3		2		10.6511

		3		2		95.28				9.7611474735		3		2		9.7611

		3		2		56.9647058824				7.5474966633		3		2		7.5475

		3		2		56.32				7.5046652157		3		2		7.5047

		3		2		143.88				11.9949989579		3		2		11.995

		3		2		72.7714285714		77.4053777155		8.5306171272		3		2		8.5306		10.93338

		4		1		51.308				7.1629602819

		4		1		102.4482352941				10.1216715662

		4		1		99.708				9.9853893264

		4		1		78.09				8.836854644

		4		1		114.0736363636				10.680526034

		4		1		49.86				7.0611613776

		4		1		75.2717647059				8.6759301925

		4		1		162.6927272727				12.7551059295

		4		1		153.162				12.3758636062

		4		1		28.7660869565				5.363402554

		4		2		72.10125				8.4912454917

		4		2		80.4323076923				8.9684060843

		4		2		122.2585714286				11.0570598004

		4		2		99.8747368421				9.9937348795

		4		2		111.635				10.5657465425

		4		2		72.8011764706				8.532360545

		4		2		38.6007692308				6.2129517325

		4		2		67.98				8.2449984839

		4		2		94.5109090909				9.7216721345

		4		2		84.4660800839		88.0020625716		9.19054297





weight adjusted data (2)

																								1		8.1904415835		1		67.0833333333

		1		1		67.0833333333				8.1904415835		1		1		8.1904								1		7.0089228844		1		49.125

		1		1		49.125				7.0089228844		1		1		7.0089								1		7.5828754441		1		57.5

		1		1		57.5				7.5828754441		1		1		7.5829								1		6.2868911236		1		39.525		Ph		avs		sdevs

		1		1		39.525				6.2868911236		1		1		6.2869								1		5.2519837522		1		27.5833333333

		1		1		27.5833333333				5.2519837522		1		1		5.252								1		7.1394579361		1		50.9718596219		8		52.4277206907		17.231196462

		1		1		50.9718596219				7.1394579361		1		1		7.5829								1		7.0710678119		1		50		7.7		81.7600425129		26.1643138653

		1		1		50				7.0710678119		1		1		2.2361								1		8.6746757864		1		75.25		7.3		81.1728593023		34.1017924873

		1		1		75.25				8.6746757864		1		1		8.6747								1		7.7385150633		1		59.8846153846		6.8		88.0020625716		34.5884599238

		1		1		59.8846153846				7.7385150633		1		1		7.7385								1		9.0716842177		1		82.2954545455

		1		1		82.2954545455				9.0716842177		1		1		9.0717								1		6.262986508		1		39.225				7.55176605

		1		2		39.225				6.262986508		1		2		6.263								1		7.4183050625		1		55.03125				11.4668054308		7.55176605

		1		2		55.03125				7.4183050625		1		2		7.4183								1		6.1048530506		1		37.2692307692				14.9454948946

		1		2		37.2692307692				6.1048530506		1		2		6.1049								1		8.0230645777		1		64.3695652174				15.1587823835

		1		2		64.3695652174				8.0230645777		1		2		8.0231								1		7.5131463729		1		56.4473684211

		1		2		56.4473684211				7.5131463729		1		2		7.5131								1		7.4749581939		1		55.875

		1		2		55.875				7.4749581939		1		2		7.475								1		6.9952542312		1		48.9335817596

		1		2		48.9335817596				6.9952542312		1		2		7.0089								1		7.066015244		1		49.9285714286

		1		2		49.9285714286				7.066015244		1		2		7.066								1		2.7214426321		1		7.40625

		1		2		7.40625				2.7214426321		1		2		2.7214								1		8.6515894493		1		74.85

		1		2		74.85		52.4277206907		8.6515894493		1		2		8.6516		6.893515		1010.27519209		50.5137596045		2		10.1240872604		2		102.4971428571

		2		1		102.4971428571				10.1240872604														2		7.7804488698		2		60.5353846154

		2		1		60.5353846154				7.7804488698														2		10.4749050766		2		109.7236363636

		2		1		109.7236363636				10.4749050766										mean				2		8.0916182383		2		65.4742857143

		2		1		65.4742857143				8.0916182383								8		50.1777206907		3.8530126623		2		7.5885362457		2		57.5858823529

		2		1		57.5858823529				7.5885362457								7.7		88.30468537		5.8505184387		2		8.0713485036		2		65.1466666667

		2		1		65.1466666667				8.0713485036								7.3		67.4541245224		7.6253926156		2		8.1602139009		2		66.5890909091

		2		1		66.5890909091				8.1602139009								6.5		88.0020625716		7.7342147627		2		8.5609578903		2		73.29

		2		1		73.29				8.5609578903														2		9.8008403001		2		96.0564705882

		2		1		96.0564705882				9.8008403001														2		6.0038083152		2		36.0457142857

		2		1		36.0457142857				6.0038083152														2		11.0742945599		2		122.64

		2		2		122.64				11.0742945599														2		7.7278716345		2		59.72

		2		2		59.72				7.7278716345														2		8.6394444266		2		74.64

		2		2		74.64				8.6394444266														2		11.9838352664		2		143.6123076923

		2		2		143.6123076923				11.9838352664														2		10.4529421696		2		109.264

		2		2		109.264				10.4529421696														2		8.8620192177		2		78.5353846154

		2		2		78.5353846154				8.8620192177														2		8.6420483683		2		74.685

		2		2		74.685				8.6420483683														2		9.8838584364		2		97.6906575904

		2		2		97.6906575904				9.8838584364														2		9.0813864001		2		82.4715789474

		2		2		82.4715789474				9.0813864001														2		7.6809925829		2		58.9976470588

		2		2		58.9976470588		81.7600425129		7.6809925829														3		9.2132627514		3		84.8842105263

		3		1		84.8842105263				9.2132627514		3		1		9.2133								3		9.6169493232		3		92.4857142857

		3		1		92.4857142857				9.6169493232		3		1		7.3451								3		9.5120975605		3		90.48

		3		1		90.48				9.5120975605		3		1		7.52								3		7.8993670633		3		62.4

		3		1		62.4				7.8993670633		3		1		7.8994								3		6.6997377924		3		44.8864864865

		3		1		44.8864864865				6.6997377924		3		1		6.6997								3		9.7943561179		3		95.9294117647

		3		1		95.9294117647				9.7943561179		3		1		9.7944								3		6.9231070889		3		47.9294117647

		3		1		47.9294117647				6.9231070889		3		1		6.9231								3		7.7680664996		3		60.3428571429

		3		1		60.3428571429				7.7680664996		3		1		7.7681								3		6.9912032639		3		48.8769230769

		3		1		48.8769230769				6.9912032639		3		1		6.9912								3		5.8203885675		3		33.8769230769

		3		1		33.8769230769				5.8203885675		3		1		5.8204								3		9.6268854297		3		92.6769230769

		3		2		92.6769230769				9.6268854297		3		2		9.6269								3		8.8405811695		3		78.1558754153

		3		2		78.1558754153				8.8405811695		3		2		5.8992								3		8.8405811695		3		78.1558754153

		3		2		78.1558754153				8.8405811695		3		2		7.0089								3		13.1800715368		3		173.7142857143

		3		2		173.7142857143				13.1800715368		3		2		4.1679								3		10.6511104513		3		113.4461538462

		3		2		113.4461538462				10.6511104513		3		2		10.6511								3		9.7611474735		3		95.28

		3		2		95.28				9.7611474735		3		2		9.7611								3		7.5474966633		3		56.9647058824

		3		2		56.9647058824				7.5474966633		3		2		7.5475								3		7.5046652157		3		56.32

		3		2		56.32				7.5046652157		3		2		7.5047								3		11.9949989579		3		143.88

		3		2		143.88				11.9949989579		3		2		11.995								3		8.5306171272		3		72.7714285714

		3		2		72.7714285714		81.1728593023		8.5306171272		3		2		8.5306		10.93338						4		7.1629602819		4		51.308

		4		1		51.308				7.1629602819														4		10.1216715662		4		102.4482352941

		4		1		102.4482352941				10.1216715662														4		9.9853893264		4		99.708

		4		1		99.708				9.9853893264														4		8.836854644		4		78.09

		4		1		78.09				8.836854644														4		10.680526034		4		114.0736363636

		4		1		114.0736363636				10.680526034														4		7.0611613776		4		49.86

		4		1		49.86				7.0611613776														4		8.6759301925		4		75.2717647059

		4		1		75.2717647059				8.6759301925														4		12.7551059295		4		162.6927272727

		4		1		162.6927272727				12.7551059295														4		12.3758636062		4		153.162

		4		1		153.162				12.3758636062														4		5.363402554		4		28.7660869565

		4		1		28.7660869565				5.363402554														4		8.4912454917		4		72.10125

		4		2		72.10125				8.4912454917														4		8.9684060843		4		80.4323076923

		4		2		80.4323076923				8.9684060843														4		11.0570598004		4		122.2585714286

		4		2		122.2585714286				11.0570598004														4		9.9937348795		4		99.8747368421

		4		2		99.8747368421				9.9937348795														4		10.5657465425		4		111.635

		4		2		111.635				10.5657465425														4		8.532360545		4		72.8011764706

		4		2		72.8011764706				8.532360545														4		6.2129517325		4		38.6007692308

		4		2		38.6007692308				6.2129517325														4		8.2449984839		4		67.98

		4		2		67.98				8.2449984839														4		9.7216721345		4		94.5109090909

		4		2		94.5109090909				9.7216721345														4		9.19054297		4		84.4660800839

		4		2		84.4660800839		88.0020625716		9.19054297
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non weight adjusted data

		1		1		9.825

		1		1		8.625

		1		1		7.905

		1		1		4.965

		1		1		7.845

		1		1		8.805

		1		1		4.845

		1		1		14.805

		1		1		10.725

		1		2		0.045

		1		2		13.545

		1		2		7.785

		1		2		18.105

		1		2		6.705				8		8.43625		0.9771682198

		1		2		8.1675				7.7		13.0696		0.769985485

		1		2		10.485				7.3		11.5160944444		0.8459974919

		1		2		1.185				6.5		12.9128666667		0.0234357758

		1		2		7.485

		2		1		14.3496

		2		1		7.8696

		2		1		12.0696

		2		1		13.7496

		2		1		9.7896

		2		1		17.5896

		2		1		14.6496

		2		1		16.3296

		2		1		7.5696

		2		2		17.1696

		2		2		10.7496

		2		2		10.4496

		2		2		18.6696

		2		2		16.3896

		2		2		10.2096

		2		2		11.9496

		2		2		15.6696

		2		2		10.0296

		3		1		16.128

		3		1		12.948

		3		1		9.048

		3		1		10.608

		3		1		16.608

		3		1		8.148

		3		1		8.448

		3		1		12.708

		3		1		8.808

		3		2		12.048

		3		2		11.4737

		3		2		3.648

		3		2		14.748

		3		2		9.528

		3		2		19.368

		3		2		8.448

		3		2		14.388

		3		2		10.188

		4		1		7.6962

		4		1		17.4162

		4		1		14.9562

		4		1		14.0562

		4		1		8.4762

		4		1		12.7962

		4		1		17.8962

		4		1		15.3162

		4		1		6.6162

		4		2		11.5362

		4		2		10.4562

		4		2		17.1162

		4		2		18.9762

		4		2		13.3962

		4		2		12.3762

		4		2		10.0362

		4		2		12.9162

		4		2		10.3962





graph to use

		





graph to use

		8		17.231196462		17.231196462

		7.7		26.1643138653		26.1643138653

		7.3		34.1017924873		34.1017924873

		6.8		34.5884599238		34.5884599238



pH

umol/oxygen/day

Oxygen consumption

52.4277206907

81.7600425129

81.1728593023

88.0020625716




Chart2

		8		8		1.0377791754		1.0377791754		1.2048738656		1.2048738656

		7.7		7.7		0.6798252724		0.6798252724		1.4097265629		1.4097265629

		7.3		7.3		0.3858230456		0.3858230456		2.9914459826		2.9914459826

		6.8		6.8		0.6192783627		0.6192783627		0.8138177043		0.8138177043



established

regrowth

pH

% calcium/ g of arm ± 95% CI

22.8430646953

24.5301732861

23.404247854

30.4614336878

25.3891247534

29.2280970339

30.0926108514

33.4436761768



r's

		animal		length		wght		absorp		ca2+ ppm		per weight		minimol		PH		LEGS		minimol ca2+

		11		5		0.0008		0.22		3.36476		4205.95		104.9388722555		1		2		104.9388722555

		12		20		0.0009		0.298		4.731164		5256.8488888889		131.1589044134		1		2		131.1589044134

		14		17		0.0008		0.314		5.011452		6264.315		156.2952844311		1		2		156.2952844311

		15		20		0.0017		0.65		10.8975		6410.2941176471		159.9374779852		1		2		159.9374779852

		13														1		2		138.0826347713

		16		20		0.0012		0.518		8.585124		7154.27		178.499750499		1		3		178.499750499

		17		15		0.0008		0.331		5.309258		6636.5725		165.5831462076		1		3		165.5831462076

		19b		25		0.0016		0.562		9.72204		6076.275		151.6036676647		1		3		151.6036676647

		20a		14		0.0009		0.395		6.7127		7458.5555555556		186.0917054779		1		3		186.0917054779

		20b		10		0.0019		0.698		12.17276		6406.7157894737		159.8481983402		1		3		159.8481983402

		27		35		0.0017		0.652		11.34384		6672.8470588235		166.4882000704		2		2		245.038105607

		28		25		0.0014		0.592		10.26264		7330.4571428571		182.8956372968		2		2		182.8956372968

		29		22		0.001		0.363		6.13606		6136.06		153.0953093812		2		2		153.0953093812

		26		26		0.0014										2		2		193.6763507617

		25		27		0.0013										2		2		193.6763507617

		36a		30		0.0011		0.547		9.45174		8592.4909090909		214.3835057158		2		3		214.3835057158

		36b		28		0.001		0.538		9.28956		9289.56		231.7754491018		2		3		231.7754491018

		38a		20		0.0013		0.542		9.36164		7201.2615384615		179.6721940734		2		3		179.6721940734

		38b		19		0.0012		0.552		9.54184		7951.5333333333		198.3915502329		2		3		198.3915502329

		39b		22		0.0009		0.485		8.3345		9260.5555555555		231.0517853183		2		3		231.0517853183

		46		24		0.001		0.524		9.498152		9498.152		236.9798403194		3		2		236.9798403194

		47		24		0.0008		0.354		6.353492		7941.865		198.1503243513		3		2		198.1503243513

		48		16		0.0015		0.476		8.610248		5740.1653333333		143.2176979375		3		2		143.2176979375

		49		18		0.0007		0.218		3.837764		5482.52		136.7894211577		3		2		136.7894211577

		50		18		0.0007		0.5		9.0542		12934.5714285714		322.7188480182		3		2		157.8877958369

		56b		25		0.0013		0.535		9.70163		7462.7923076923		186.1974128666		3		3		186.1974128666

		57b		29		0.0011		0.326		5.91362		5376.0181818182		134.1321901651		3		3		134.1321901651

		58b		19		0.0012		0.417		7.60349		6336.2416666667		158.0898619428		3		3		158.0898619428

		59a		26		0.0012		0.43		7.8449		6537.4166666667		163.1091982701		3		3		163.1091982701

		59b		32		0.0022		0.69		12.6731		5760.5		143.7250499002		3		3		143.7250499002

		66		21		0.0024		0.021		18.5766		7740.25		193.12000998		4		2		193.12000998

		67		28		0.0011		0.543		9.94331		9039.3727272727		225.5332516785		4		2		225.5332516785

		69		0		0.0006		0.272		4.91084		8184.7333333333		204.2099135063		4		2		204.2099135063

		70		17		0.0008		0.32		5.8022		7252.75		180.9568363273		4		2		180.9568363273

		65												200.955002873		4		2		200.955002873

		76a		22		0.0009		0.393		7.15781		7953.1222222222		198.4311931692		4		3		198.4311931692

		76b		30		0.001		0.474		8.66198		8661.98		216.1172654691		4		3		216.1172654691

		77a		18		0.0008		0.38		7.20328		9004.1		224.6531936128		4		3		224.6531936128

		78b		22		0.0008		0.393		7.451593		9314.49125		232.3974862774		4		3		232.3974862774

		79a		9		0.0011		0.48		9.11338		8284.8909090909		206.7088550172		4		3		206.7088550172





n's

		treatment		animal		length		wght MG		MG.L		absorp		ca2+ ppm		per weight		minimol		% Ca2+

		8		11		18		0.007		0.175		0.052		35.2546		5036.3714285714		125.6579697747		20.1454857143

				12		9		0.0026		0.065		0.02		18.0386		6937.9230769231		173.1018731767		27.7516923077

				14		12		0.003		0.075		0.02		18.0386		6012.8666666667		150.0216234198		24.0514666667

				18		23		0.0132		0.33		0.107		64.8446		4912.4696969697		122.5666092058		19.6498787879								sdev		898.7345026825

				19		10		0.003		0.075		0.018		16.9626		5654.2		141.0728542914		22.6168		22.8430646953

										0

		7.7		27		10		0.003		0.075		0.018		16.9626		5654.2		141.0728542914		22.6168

				28		24		0.0094		0.235		0.082		51.3946		5467.5106382979		136.4149360853		21.8700425532

				36		12		0.0042		0.105		0.035		26.1086		6216.3333333333		155.0981370592		24.8653333333

				39		8		0.0043		0.1075		0.029		22.8806		5321.0697674419		132.7612217426		21.2842790698

				40		15		0.0051		0.1275		0.049		33.6406		6596.1960784314		164.5757504599		26.3847843137		23.404247854

										0

		7.3		46		8		0.005		0.125		0.042		29.8746		5974.92		149.0748502994		23.89968

				47		9		0.0036		0.09		0.029		22.8806		6355.7222222222		158.5759037481		25.4228888889								mean % ca2+

				48		10		0.0032		0.08		0.027		21.8046		6813.9375		170.0084206587		27.25575						8		22.8430646953

		7.3		50		10		0.0048		0.12		0.042		29.8746		6223.875		155.2863023952		24.8955						7.7		23.404247854

				57		8		0.0041		0.1025		0.035		26.1086		6367.9512195122		158.8810184509		25.471804878		25.3891247534				7.3		25.3891247534

										0																6.5		30.0926108514

		6.5		67		15		0.0024		0.06		0.022		19.1146		7964.4166666667		198.7129906853		31.8576666667

				68		9		0.0018		0.045		0.013		14.2726		7929.2222222222		197.834885784		31.7168888889

				70		7		0.0022		0.055		0.016		15.8866		7221.1818181818		180.1692070405		28.8847272727

				77		5		0.002		0.05		0.015		15.3486		7674.3		191.4745508982		30.6972

				79		6		0.0028		0.07		0.022		19.1146		6826.6428571429		170.3254205874		27.3065714286		30.0926108514

										0

				35a				0.0574		1.435		0.129		76.6806		1335.8989547038		33.3308122431		5.3435958188

				35b				0.0636		1.59		0.088		54.6226		858.8459119497		21.4282912163		3.4353836478

		7.3w 1l		35c				0.0787		1.9675		0.117		70.2246		892.3074968234		22.2631610984		3.5692299873

										0

				35d				0.0667		1.6675		0.294		165.4506		2480.5187406297		61.8891901355		9.9220749625

				35e				0.053		1.325		0.19		109.4986		2066.0113207547		51.5471886416		8.264045283

		7.3w 2l		35f				0.0289		0.7225		0.107		64.8446		2243.7577854671		55.9819806753		8.9750311419

										0

										0

				1a				0.0592		1.48		0.15		87.9786		1486.125		37.0789670659		5.9445

				1b				0.0471		1.1775		0.125		74.5286		1582.3481953291		39.4797453924		6.3293927813

		8w 1l		1c				0.0476		1.19		0.127		75.6046		1588.3319327731		39.6290402389		6.3533277311

										0

				1d				0.0565		1.4125		0.15		87.9786		1557.1433628319		38.8508823062		6.2285734513

				1e				0.0444		1.11		0.117		70.2246		1581.6351351351		39.4619544694		6.3265405405

		8w 2l		1f				0.0399		0.9975		0.119		71.3006		1786.9824561403		44.5853906223		7.1479298246

										0

				30a				0.0269		0.6725		0.064		41.7106		1550.5799256506		38.6871238935		6.2023197026

				30b				0.0427		1.0675		0.125		74.5286		1745.4004683841		43.5479158778		6.9816018735

		7.7w 2l		30c				0.0522		1.305		0.154		90.1306		1726.6398467433		43.0798364956		6.906559387

										0

				30d				0.0632		1.58		0.182		105.1946		1664.4715189873		41.5287305137		6.6578860759

				30e				0.0611		1.5275		0.155		90.6686		1483.937806874		37.0243963791		5.9357512275

		7.7w 1l		30f				0.0622		1.555		0.15		87.9786		1414.4469453376		35.2905924485		5.6577877814

										0

				050a				0.0359		0.8975		0.067		43.3246		1206.8133704735		30.1101140338		4.8272534819

				50b				0.0386		0.965		0.155		90.6686		2348.9274611399		58.6059745793		9.3957098446

		6.5w 1l		50c				0.0382		0.955		0.202		115.9546		3035.4607329843		75.7350482282		12.1418429319

										0

				50d				0.0513		1.2825		0.195		112.1886		2186.9122807018		54.5636796582		8.7476491228

				50e				0.0447		1.1175		0.155		90.6686		2028.3803131991		50.6082912475		8.1135212528

		6.5w 2l		50f				0.055		1.375		0.148		86.9026		1580.0472727273		39.4223371439		6.3201890909





norm leg percentage data

		treatment		animal		length		wght MG		MG.L		absorp		ca2+ ppm		per weight		minimol		% Ca2+

		8		11		18		0.007		0.175		0.052		35.2546		5036.3714285714		125.6579697747		20.1454857143

				12		9		0.0026		0.065		0.02		18.0386		6937.9230769231		173.1018731767		27.7516923077

				14		12		0.003		0.075		0.02		18.0386		6012.8666666667		150.0216234198		24.0514666667

				18		23		0.0132		0.33		0.107		64.8446		4912.4696969697		122.5666092058		19.6498787879								sdev		898.7345026825

				19		10		0.003		0.075		0.018		16.9626		5654.2		141.0728542914		22.6168		22.8430646953

										0

		7.7		27		10		0.003		0.075		0.018		16.9626		5654.2		141.0728542914		22.6168

				28		24		0.0094		0.235		0.082		51.3946		5467.5106382979		136.4149360853		21.8700425532

				36		12		0.0042		0.105		0.035		26.1086		6216.3333333333		155.0981370592		24.8653333333

				39		8		0.0043		0.1075		0.029		22.8806		5321.0697674419		132.7612217426		21.2842790698

				40		15		0.0051		0.1275		0.049		33.6406		6596.1960784314		164.5757504599		26.3847843137		23.404247854

										0

		7.3		46		8		0.005		0.125		0.042		29.8746		5974.92		149.0748502994		23.89968

				47		9		0.0036		0.09		0.029		22.8806		6355.7222222222		158.5759037481		25.4228888889								mean % ca2+

				48		10		0.0032		0.08		0.027		21.8046		6813.9375		170.0084206587		27.25575						8		22.8430646953

		7.3		50		10		0.0048		0.12		0.042		29.8746		6223.875		155.2863023952		24.8955						7.7		23.404247854

				57		8		0.0041		0.1025		0.035		26.1086		6367.9512195122		158.8810184509		25.471804878		25.3891247534				7.3		25.3891247534

										0																6.5		30.0926108514

		6.5		67		15		0.0024		0.06		0.022		19.1146		7964.4166666667		198.7129906853		31.8576666667

				68		9		0.0018		0.045		0.013		14.2726		7929.2222222222		197.834885784		31.7168888889

				70		7		0.0022		0.055		0.016		15.8866		7221.1818181818		180.1692070405		28.8847272727

				77		5		0.002		0.05		0.015		15.3486		7674.3		191.4745508982		30.6972

				79		6		0.0028		0.07		0.022		19.1146		6826.6428571429		170.3254205874		27.3065714286		30.0926108514				pH		% ca2+		sdev

										0																1		20.1454857143

				35a				0.0574		1.435		0.129		76.6806		1335.8989547038		33.3308122431		5.3435958188						1		27.7516923077

				35b				0.0636		1.59		0.088		54.6226		858.8459119497		21.4282912163		3.4353836478						1		24.0514666667

		7.3w 1l		35c				0.0787		1.9675		0.117		70.2246		892.3074968234		22.2631610984		3.5692299873						1		19.6498787879

										0																1		22.6168		3.2817459024

				35d				0.0667		1.6675		0.294		165.4506		2480.5187406297		61.8891901355		9.9220749625						2		22.6168

				35e				0.053		1.325		0.19		109.4986		2066.0113207547		51.5471886416		8.264045283						2		21.8700425532

		7.3w 2l		35f				0.0289		0.7225		0.107		64.8446		2243.7577854671		55.9819806753		8.9750311419						2		24.8653333333

										0																2		21.2842790698

										0																2		26.3847843137		2.1497962717

				1a				0.0592		1.48		0.15		87.9786		1486.125		37.0789670659		5.9445						3		23.89968

				1b				0.0471		1.1775		0.125		74.5286		1582.3481953291		39.4797453924		6.3293927813						3		25.4228888889

		8w 1l		1c				0.0476		1.19		0.127		75.6046		1588.3319327731		39.6290402389		6.3533277311						3		27.25575

										0																3		24.8955

				1d				0.0565		1.4125		0.15		87.9786		1557.1433628319		38.8508823062		6.2285734513						3		25.471804878		1.220079598

				1e				0.0444		1.11		0.117		70.2246		1581.6351351351		39.4619544694		6.3265405405						4		31.8576666667

		8w 2l		1f				0.0399		0.9975		0.119		71.3006		1786.9824561403		44.5853906223		7.1479298246						4		31.7168888889

										0																4		28.8847272727

				30a				0.0269		0.6725		0.064		41.7106		1550.5799256506		38.6871238935		6.2023197026						4		30.6972

				30b				0.0427		1.0675		0.125		74.5286		1745.4004683841		43.5479158778		6.9816018735						4		27.3065714286		1.9583301316

		7.7w 2l		30c				0.0522		1.305		0.154		90.1306		1726.6398467433		43.0798364956		6.906559387

										0

				30d				0.0632		1.58		0.182		105.1946		1664.4715189873		41.5287305137		6.6578860759

				30e				0.0611		1.5275		0.155		90.6686		1483.937806874		37.0243963791		5.9357512275

		7.7w 1l		30f				0.0622		1.555		0.15		87.9786		1414.4469453376		35.2905924485		5.6577877814

										0

				050a				0.0359		0.8975		0.067		43.3246		1206.8133704735		30.1101140338		4.8272534819

				50b				0.0386		0.965		0.155		90.6686		2348.9274611399		58.6059745793		9.3957098446

		6.5w 1l		50c				0.0382		0.955		0.202		115.9546		3035.4607329843		75.7350482282		12.1418429319

										0

				50d				0.0513		1.2825		0.195		112.1886		2186.9122807018		54.5636796582		8.7476491228

				50e				0.0447		1.1175		0.155		90.6686		2028.3803131991		50.6082912475		8.1135212528

		6.5w 2l		50f				0.055		1.375		0.148		86.9026		1580.0472727273		39.4223371439		6.3201890909





Chart1

		





graph, est vs regrowth

		8		8		1.0377791754		1.0377791754		1.2048738656		1.2048738656

		7.7		7.7		0.6798252724		0.6798252724		1.4097265629		1.4097265629

		7.3		7.3		0.3858230456		0.3858230456		2.9914459826		2.9914459826

		6.8		6.8		0.6192783627		0.6192783627		0.8138177043		0.8138177043



established arm

regrowth

pH treatment

% calcium

Arm Calcium Content

22.8430646953

24.5301732861

23.404247854

30.4614336878

25.3891247534

29.2280970339

30.0926108514

33.4436761768



regrowth leg % data

		animal		length		wght		mg/l		absorp		ca2+ ppm		per weight		minimol		% Ca2+		av		1 & 2 comb mean		sdev of combined		PH		LEGS		%ca2+

		11		5		0.0008		0.02		0.22		3.36476		4205.95		104.9388722555		16.8238								1		1		20.1454857143

		12		20		0.0009		0.0225		0.298		4.731164		5256.8488888889		131.1589044134		21.0273955556								1		1		27.7516923077						8		7.7		7.3		6.5

		14		17		0.0008		0.02		0.314		5.011452		6264.315		156.2952844311		25.05726								1		1		24.0514666667						22.8430646953		23.404247854		25.3891247534		30.0926108514

		15		20		0.0017		0.0425		0.65		10.8975		6410.2941176471		159.9374779852		25.6411764706								1		1		19.6498787879						24.5301732861		30.4614336878		29.2280970339		33.4436761768

		13				0.0011		0.0275				6.0012						21.8225454545		22.0744354961						1		1		22.6168

		16		20		0.0012		0.03		0.518		8.585124		7154.27		178.499750499		28.61708								1		2		16.8238

		17		15		0.0008		0.02		0.331		5.309258		6636.5725		165.5831462076		26.54629								1		2		21.0273955556

		19b		25		0.0016		0.04		0.562		9.72204		6076.275		151.6036676647		24.3051								1		2		25.05726						established		regenerated arm		sdev est		sdev regen

		20a		14		0.0009		0.0225		0.395		6.7127		7458.5555555556		186.0917054779		29.8342222222								1		2		25.6411764706				8		22.8430646953		24.5301732861		1.0377791754		1.2048738656

		20b		10		0.0019		0.0475		0.698		12.17276		6406.7157894737		159.8481983402		25.6268631579		26.985911076		24.5301732861						2		21.8225454545				7.7		23.404247854		30.4614336878		0.6798252724		1.4097265629

		27		35		0.0017		0.0425		0.652		11.34384		6672.8470588235		166.4882000704		26.6913882353								1		3		28.61708				7.3		25.3891247534		29.2280970339		0.3858230456		2.9914459826

		28		25		0.0014		0.035		0.592		10.26264		7330.4571428571		182.8956372968		29.3218285714								1		3		26.54629				6.8		30.0926108514		33.4436761768		0.6192783627		0.8138177043

		29		22		0.001		0.025		0.363		6.13606		6136.06		153.0953093812		24.54424								1		3		24.3051

		26		26		0.0014		0.035				9.2475						26.4214285714								1		3		29.8342222222

		25		27		0.0013		0.0325				9.2475						28.4538461538		27.0865463064						1		3		25.6268631579								combined legs cut % regrowth

		36a		30		0.0011		0.0275		0.547		9.45174		8592.4909090909		214.3835057158		34.3699636364								2		1		22.6168

		36b		28		0.001		0.025		0.538		9.28956		9289.56		231.7754491018		37.15824								2		1		21.8700425532						1		16.8238

		38a		20		0.0013		0.0325		0.542		9.36164		7201.2615384615		179.6721940734		28.8050461538								2		1		24.8653333333						1		21.0273955556

		38b		19		0.0012		0.03		0.552		9.54184		7951.5333333333		198.3915502329		31.8061333333								2		1		21.2842790698						1		25.05726

		39b		22		0.0009		0.0225		0.485		8.3345		9260.5555555555		231.0517853183		37.0422222222		33.8363210692		30.4614336878						1		26.3847843137						1		25.6411764706

		46		24		0.001		0.025		0.524		9.498152		9498.152		236.9798403194		37.992608								2		2		26.6913882353						1		21.8225454545

		47		24		0.0008		0.02		0.354		6.353492		7941.865		198.1503243513		31.76746								2		2		29.3218285714						1		28.61708

		48		16		0.0015		0.0375		0.476		8.610248		5740.1653333333		143.2176979375		22.9606613333								2		2		24.54424						1		26.54629

		49		18		0.0007		0.0175		0.218		3.837764		5482.52		136.7894211577		21.93008								2		2		26.4214285714						1		24.3051

		50		18		0.0007		0.0175		0.5		9.0542		12934.5714285714		322.7188480182		51.7382857143		33.2778190095						2		2		28.4538461538						1		29.8342222222

		56b		25		0.0013		0.0325		0.535		9.70163		7462.7923076923		186.1974128666		29.8511692308								2		3		34.3699636364						1		25.6268631579

		57b		29		0.0011		0.0275		0.326		5.91362		5376.0181818182		134.1321901651		21.5040727273								2		3		37.15824						2		26.6913882353

		58b		19		0.0012		0.03		0.417		7.60349		6336.2416666667		158.0898619428		25.3449666667								2		3		28.8050461538						2		29.3218285714

		59a		26		0.0012		0.03		0.43		7.8449		6537.4166666667		163.1091982701		26.1496666667										3		31.8061333333						2		24.54424

		59b		32		0.0022		0.055		0.69		12.6731		5760.5		143.7250499002		23.042		25.1783750583		29.2280970339				2		3		37.0422222222						2		26.4214285714

		66		21		0.0024		0.06		0.021		18.5766		7740.25		193.12000998		30.961								3		1		23.89968						2		28.4538461538

		67		28		0.0011		0.0275		0.543		9.94331		9039.3727272727		225.5332516785		36.1574909091								3		1		25.4228888889						2		34.3699636364

		69		0		0.0006		0.015		0.272		4.91084		8184.7333333333		204.2099135063		32.7389333333								3		1		27.25575						2		37.15824

		70		17		0.0008		0.02		0.32		5.8022		7252.75		180.9568363273		29.011								3		1		24.8955						2		28.8050461538

		65				0.0012		0.03				9.8082				200.955002873		32.694		32.3124848485						3		1		25.471804878						2		31.8061333333

		76a		22		0.0009		0.0225		0.393		7.15781		7953.1222222222		198.4311931692		31.8124888889								3		2		37.992608						2		37.0422222222

		76b		30		0.001		0.025		0.474		8.66198		8661.98		216.1172654691		34.64792								3		2		31.76746						3		37.992608

		77a		18		0.0008		0.02		0.38		7.20328		9004.1		224.6531936128		36.0164								3		2		22.9606613333						3		31.76746

		78b		22		0.0008		0.02		0.393		7.451593		9314.49125		232.3974862774		37.257965								3		2		21.93008						3		22.9606613333

		79a		9		0.0011		0.0275		0.48		9.11338		8284.8909090909		206.7088550172		33.1395636364		34.5748675051		33.4436761768						2		51.7382857143						3		21.93008

																										3		3		29.8511692308						3		51.7382857143

																										3		3		21.5040727273						3		29.8511692308

																										3		3		25.3449666667						3		21.5040727273

																										3		3		26.1496666667						3		25.3449666667

																										3		3		23.042						3		26.1496666667

																										4		1		31.8576666667						3		23.042

																										4		1		31.7168888889						4		30.961

																										4		1		28.8847272727						4		36.1574909091

																										4		1		30.6972						4		32.7389333333

																										4		1		27.3065714286						4		29.011

																										4		2		30.961						4		32.694

																										4		2		36.1574909091						4		31.8124888889				0

																										4		2		32.7389333333						4		34.64792

																										4		2		29.011						4		36.0164

																										4		2		32.694						4		37.257965

																										4		3		31.8124888889						4		33.1395636364

																										4		3		34.64792

																										4		3		36.0164

																										4		3		37.257965

																										4		3		33.1395636364





regrowth leg % data

		



established arm

regenerated arm

pH

% calcium

% calcium in arm



stats organised

						1.0377791754		1.0377791754		1.2048738656		1.2048738656

						0.6798252724		0.6798252724		1.4097265629		1.4097265629

						0.3858230456		0.3858230456		2.9914459826		2.9914459826

						0.6192783627		0.6192783627		0.8138177043		0.8138177043



established

regrowth

pH

% calcium

arm calcium content



		treatment		animal		mean								1= normal		1=8

		8, 1L		11		164.364688663								2= 1 removed		2=7.7

				12										3= 2 removed		3=7.3

				14												4=6.5

				15

				16

		8, 2L		18

				19										leg removal		pH		calcium content

				20		144.018609172								1		1

														1		2

				27										1		3

				28										1		4

				29		152.4368010718								2		1		164.364688663

		7.7 1L												2		2		152.4368010718

				36										2		3		166.2263209692

				38										2		4		196.1604276116

				39										3		1		144.018609172

				40		162.1422104491								3		2		162.1422104491

		7.7 2L												3		3		164.4138615713

				46										3		4		147.7001974312

				47

				48

				49

				50		166.2263209692

		7.3 1L

				56

				57

				58

				59		164.4138615713

		7.3 2L

				66

				67

				68

				70		196.1604276116

		6.5 1L

				76

				77

				78

				79		147.7001974312

		6.5 2L






Sheet1

		1		1		4.8493545763

		1		1		5.165367937

		1		1		5.0240227701

		1		1		4.8248405865

		1		1		4.9633539711		4.9653879682

		1		2		4.6722573839

		1		2		4.8915431851

		1		2		5.0644621776

		1		2		5.0872103224

		1		2		4.9422324968

		1		3		5.1957293955

		1		3		5.1214796234

		1		3		5.0343756985

		1		3		5.236929639														8		7.7		7.3		6.5

		1		3		5.0866588486

		2		1		4.9633539711

		2		1		4.9302559571

		2		1		5.0568706869

		2		1		4.9035044846

		2		1		5.1154501637

		2		2		5.5095425984

		2		2		5.2197915432

		2		2		5.0440398272

		2		2		5.2764620228

		2		2		5.2764620228

		2		3		5.3770523228

		2		3		5.4543610354

		2		3		5.2022039316

		2		3		5.3002732038

		2		3		5.4512606835

		3		1		5.0177754113

		3		1		5.0787667513

		3		1		5.1475434329

		3		1		5.0580677268

		3		1		5.0806650759

		3		2		5.4763791982

		3		2		5.299068706

		3		2		4.9782339816

		3		2		4.9329578287

		3		2		5.0744722932

		3		3		5.2374914803

		3		3		4.9136264002

		3		3		5.0757352947

		3		3		5.1066070627

		3		3		4.9817216264

		4		1		5.3018759806

		4		1		5.2974914545

		4		1		5.2049359642

		4		1		5.2651459839

		4		1		5.1493846694

		4		2		5.2736148051

		4		2		5.4272963889

		4		2		5.3288946476

		4		2		5.209250258

		4		2		5.3129842937

		4		3		5.3004710116

		4		3		5.3850328332

		4		3		5.4234210678

		4		3		5.4570183336

		4		3		5.3409402426





complete leg ca2+ raw data

		animal		length		wght		PH		LEGS		minimol ca2+

		11		18		0.007		1		1		125.6579697747

		12		9		0.0026		1		1		173.1018731767

		14		12		0.003		1		1		150.0216234198

		18		23		0.0132		1		1		122.5666092058

		19		10		0.003		1		1		141.0728542914

		11		5		0.0008		1		2		104.9388722555

		12		20		0.0009		1		2		131.1589044134

		14		17		0.0008		1		2		156.2952844311

		15		20		0.0017		1		2		159.9374779852

		13						1		2		138.0826347713

		16		20		0.0012		1		3		178.499750499

		17		15		0.0008		1		3		165.5831462076

		19b		25		0.0016		1		3		151.6036676647

		20a		14		0.0009		1		3		186.0917054779

		20b		10		0.0019		1		3		159.8481983402

		27		10		0.003		2		1		141.0728542914

		28		24		0.0094		2		1		136.4149360853

		36		12		0.0042		2		1		155.0981370592

		39		8		0.0043		2		1		132.7612217426

		40		15		0.0051		2		1		164.5757504599

		27		35		0.0017		2		2		245.038105607

		28		25		0.0014		2		2		182.8956372968

		29		22		0.001		2		2		153.0953093812

		26		26		0.0014		2		2		193.6763507617

		25		27		0.0013		2		2		193.6763507617

		36a		30		0.0011		2		3		214.3835057158

		36b		28		0.001		2		3		231.7754491018

		38a		20		0.0013		2		3		179.6721940734

		38b		19		0.0012		2		3		198.3915502329

		39b		22		0.0009		2		3		231.0517853183

		46		8		0.005		3		1		149.0748502994

		47		9		0.0036		3		1		158.5759037481

		48		10		0.0032		3		1		170.0084206587

		50		10		0.0048		3		1		155.2863023952

		57		8		0.0041		3		1		158.8810184509

		46		24		0.001		3		2		236.9798403194

		47		24		0.0008		3		2		198.1503243513

		48		16		0.0015		3		2		143.2176979375

		49		18		0.0007		3		2		136.7894211577

		50		18		0.0007		3		2		157.8877958369

		56b		25		0.0013		3		3		186.1974128666

		57b		29		0.0011		3		3		134.1321901651

		58b		19		0.0012		3		3		158.0898619428

		59a		26		0.0012		3		3		163.1091982701

		59b		32		0.0022		3		3		143.7250499002

		67		15		0.0024		4		1		198.7129906853

		68		9		0.0018		4		1		197.834885784

		70		7		0.0022		4		1		180.1692070405

		77		5		0.002		4		1		191.4745508982

		79		6		0.0028		4		1		170.3254205874

		66		21		0.0024		4		2		193.12000998

		67		28		0.0011		4		2		225.5332516785

		69		0		0.0006		4		2		204.2099135063

		70		17		0.0008		4		2		180.9568363273

		65						4		2		200.955002873

		76a		22		0.0009		4		3		198.4311931692

		76b		30		0.001		4		3		216.1172654691

		77a		18		0.0008		4		3		224.6531936128

		78b		22		0.0008		4		3		232.3974862774

		79a		9		0.0011		4		3		206.7088550172





ln transf leg ca2 data

		1		1		4.8493545763

		1		1		5.165367937

		1		1		5.0240227701

		1		1		4.8248405865

		1		1		4.9633539711						1		4.8493545763

		1		2		4.6722573839						1		5.165367937

		1		2		4.8915431851						1		5.0240227701

		1		2		5.0644621776						1		4.8248405865

		1		2		5.0872103224						1		4.9633539711

		1		2		4.9422324968						2		4.9633539711

		1		3		5.1957293955						2		4.9302559571

		1		3		5.1214796234						2		5.0568706869

		1		3		5.0343756985						2		4.9035044846

		1		3		5.236929639						2		5.1154501637

		1		3		5.0866588486						3		5.0177754113

		2		1		4.9633539711						3		5.0787667513

		2		1		4.9302559571						3		5.1475434329

		2		1		5.0568706869						3		5.0580677268

		2		1		4.9035044846						3		5.0806650759

		2		1		5.1154501637						4		5.3018759806

		2		2		5.5095425984						4		5.2974914545

		2		2		5.2197915432						4		5.2049359642

		2		2		5.0440398272						4		5.2651459839

		2		2		5.2764620228						4		5.1493846694

		2		2		5.2764620228

		2		3		5.3770523228

		2		3		5.4543610354

		2		3		5.2022039316

		2		3		5.3002732038

		2		3		5.4512606835

		3		1		5.0177754113

		3		1		5.0787667513

		3		1		5.1475434329

		3		1		5.0580677268

		3		1		5.0806650759

		3		2		5.4763791982

		3		2		5.299068706

		3		2		4.9782339816

		3		2		4.9329578287

		3		2		5.0744722932

		3		3		5.2374914803

		3		3		4.9136264002

		3		3		5.0757352947

		3		3		5.1066070627

		3		3		4.9817216264

		4		1		5.3018759806

		4		1		5.2974914545

		4		1		5.2049359642

		4		1		5.2651459839

		4		1		5.1493846694

		4		2		5.2736148051

		4		2		5.4272963889

		4		2		5.3288946476

		4		2		5.209250258

		4		2		5.3129842937

		4		3		5.3004710116

		4		3		5.3850328332

		4		3		5.4234210678

		4		3		5.4570183336

		4		3		5.3409402426





length raw data

		animal				PH		LEGS		length

		11				1		1		18

		12				1		1		9

		14				1		1		12

		18				1		1		23

		19				1		1		10

		11				1		2		5		11		1		1		15

		12				1		2		20		12		1		1		20

		14				1		2		17		14		1		1		17

		15				1		2		20		15		1		1		20

		13				1		2		15.5		13		1		1		18

		16				1		3		20		16		1		2		20

		17				1		3		15		17		1		2		15

		19b				1		3		25		19b		1		2		25

		20a				1		3		14		20a		1		2		24

		20b				1		3		10		20b		1		2		20

		27				2		1		10		27		2		1		35

		28				2		1		24		28		2		1		25

		36				2		1		12		29		2		1		22

		39				2		1		8		26		2		1		26

		40				2		1		15		25		2		1		27

		27				2		2		35		36a		2		2		30

		28				2		2		25		36b		2		2		28

		29				2		2		22		38a		2		2		20

		26				2		2		26		38b		2		2		19

		25				2		2		27		39b		2		2		22

		36a				2		3		30		46		3		1		24

		36b				2		3		28		47		3		1		24

		38a				2		3		20		48		3		1		16

		38b				2		3		19		49		3		1		18

		39b				2		3		22		50		3		1		18

		46				3		1		8		56b		3		2		25

		47				3		1		9		57b		3		2		29

		48				3		1		10		58b		3		2		19

		50				3		1		10		59a		3		2		26

		57				3		1		8		59b		3		2		32

		46				3		2		24		66		4		1		21

		47				3		2		24		67		4		1		28

		48				3		2		16		69		4		1		22

		49				3		2		18		70		4		1		17

		50				3		2		18		65		4		1		22

		56b				3		3		25		76a		4		2		22

		57b				3		3		29		76b		4		2		30

		58b				3		3		19		77a		4		2		18

		59a				3		3		26		78b		4		2		22

		59b				3		3		32		79a		4		2		9

		67				4		1		15

		68				4		1		9

		70				4		1		7

		77				4		1		5

		79				4		1		6

		66				4		2		21

		67				4		2		28

		69				4		2		22

		70				4		2		17

		65				4		2		22

		76a				4		3		22

		76b				4		3		30

		77a				4		3		18

		78b				4		3		22

		79a				4		3		9





regrowth chart

		8		5.6962463274		5.6962463274

		7.7		4.9035134796		4.9035134796

		7.3		5.2376839665		5.2376839665

		6.8		4.0947120371		4.0947120371



regrowth length

pH treatment

length (mm)

16.15

22

23.1

22.1



regrowth chart (2)

		8		3.5305051765		3.5305051765

		7.7		3.0391732955		3.0391732955

		7.3		3.2462905032		3.2462905032

		6.8		2.5378821793		2.5378821793



regrowth length

pH treatment

length mm ± 95% CI

16.15

22

23.1

22.1



length stat data

		pH		length regrowth

		1		5

		1		20

		1		17

		1		20

		1		15.5

		1		20

		1		15

		1		25

		1		14

		1		10		16.15

		2		35

		2		25

		2		22

		2		26

		2		27

		2		30

		2		28

		2		20

		2		19						averages

		2		22		22

		3		24						8		16.15		5.6962463274		3.5305051765

		3		24						7.7		22		4.9035134796		3.0391732955

		3		16						7.3		23.1		5.2376839665		3.2462905032

		3		18						6.8		22.1		4.0947120371		2.5378821793

		3		18

		3		25

		3		29

		3		19

		3		26

		3		32		23.1

		4		21

		4		28

		4		22

		4		17

		4		22

		4		22

		4		30

		4		18

		4		22

		4		19		22.1







control 

7.3 

7.7 

6.8 

The payoff 



FEEDING 

MAINTENANCE 

GROWTH 

REPRODUCTION 

Energetic Trade-offs Within Individuals 

Important to consider how changes in 
one physiological process can affect 
other, interdependent process.  
 

Physiological Trade-Offs 

Whole 
Organism 
Approach 



Dynamic Energy Budget Models a link to populations 
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Feeding 

Once you know the response of key ecological processes 
you can project the consequences for populations and 
distributions…… 



Long-term Ocean Acidification Experiment 



Blending together the knowledge 



% Change in Nucella lapillus abundance 

1986-2000 2086-2100 

Warm OA Warm + OA 
4th IPCC 

Business-as-
usual 

5th IPCC 
“lower 

emissions” 

5th IPCC 
“higher 

emissions” 

AM Queirós, et al. (2015) Quantifying 
ecosystem-level consequences of 
ocean acidification and warming by 
scaling up individual level responses of 
a predator snail and its trophic 
interactions. Global Change Biology 
21(1): 130–143.  



Using climate change knowledge to support management and policy 

Large Fish Index 

1983-1985 2000-2002 2010-2012

(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a)(a) (b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b)(b) (c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)(c)

52
°

54
°

56
°

58
°

60
°

62
°

4°W 0° 4° 8°E 4°W 0° 4° 8°E 4°W 0° 4° 8°E

0.2

0.5

0.8
LFI

Where fishing effort was reduced in the 2000s 
(along the UK coast) relative to the 1990s the 
LFI had begun to improve (with an expected 
time lag). But………  

LFI 

Recovery wasn’t 
happening as fast or 
as completely as 
expected in some 
areas…..Why? 

High LFI Low LFI Recovering 

High effort Low effort 

Engelhard et al (2015) Effort reduction and the large fish indicator: spatial trends reveal positive impacts of recent European fleet 
reduction schemes. Environmental Conservation 42: 227-236 doi: 10.1017/S0376892915000077 



This model considers how species physiology, growth, population dynamics 
and dispersal potential respond to temperature, oxygen, salinity, depth, pH and 
primary production; how each species is able to compete for basal resources 
within the simulated species assemblage; and the effect of food and 
temperature on the size-structure of individual populations. 

Queirós et al (2018) Climate change alters 
fish community size‐structure, requiring 
adaptive policy targets. Fish & Fisheries. 
00:1–9.  
https://doi.org/10.1111/faf.12278  

Used a size-spectrum dynamic 
bioclimate envelope model (SS-DBEM, 
Fernandes et al., 2013) to project the 
response of 7 species of fish to climate 
change in 5 areas of the North Sea. 

Using climate change knowledge to support management and policy 



In some places targets could become impossible to meet! 



BUT Not all populations are the same! 

Figure 1: Genetic structure of Littorina littorea populations. Thermal 
map of Europe from the POLCOMS-ERSEM biogeochemical model 
showing sampling locations and genetic structure of the six different 
populations of L. littorea sampled across the Northwest Atlantic 
latitudinal gradient (from 42° to 70°). Pie charts = proportion of 
common haplotypes (grey), shared between climatic regions (pastel 
colours, northern = blue, mid = green, southern = pink), private to 
individual sites (primary colours). 

 Integrated population genetics with 
experimental data for growth and 
mineralisation, physiology and metabolomics. 
 

 The sensitivity of populations of the 
gastropod Littorina littorea to future OA was 
shaped by regional adaptation.   
 

 Populations towards the species range edges 
exhibited greater shell dissolution and the 
inability to upregulate their metabolism when 
exposed to low pH, thus appearing most 
sensitive to low seawater pH.  
 

 Future levels of OA could mediate 
temperature-driven shifts in species’ 
distributions, thereby influencing future 
biogeography and the functioning of marine 
ecosystems. 

P Calosi et al (2017) Regional adaptation defines 
sensitivity to future ocean acidification. Nature 
Communications 8: 13994.  
DOI 10.1038/ncomms13994 



CA Vargas et al (2017) Species-specific response to ocean 
acidification should account for local adaptation and adaptive 
plasticity. Nature Ecology and Evolution 1(4): UNSP 0084.  
DOI 10.1038/s41559-017-0084 

Figure 1 | Temporal series (line plots) and 
frequency analysis (bars plots) of surface 
(upper 10 m depth) pCO2 (µatm) for 
different coastal environments along the 
Chilean coast.  

Local adaptation is driven by local environmental variability 

 Explored the highly varied conditions across the he coastal 
ecosystems of the Humboldt Current System (HCS) off 
Chile  

 

 A meta-analysis revealed adaptive intraspecific variability in 
the response of individuals to pCO2 changes among local 
populations.  
 

 This variability in response leads to inter- populations 
variability that reveals the potential role of local adaptation 
and/or adaptive phenotypic plasticity in increasing 
resilience of species to environmental change.  



We largely neglect differences between individuals 

 Studies are heavily biased 
towards survivors 

 
 More consideration should 

be given to the range of 
responses rather than the 
mean 

 
 Ultimately, variability at the 

level of the individual will 
drive localised adaption  



The importance of gender 

 Individuals of blue mussels were exposed 
to elevated temperature and pCO2. Then 
also exposed to a pathogen. 
 

 The metabolites produced in response to 
these stressors were determined. 
 

 Large difference in response observed 
between males and females 



The Importance of Sex 

RP Ellis et al (2017) Does sex really 
matter? Explaining intraspecies variation 
in ocean acidification responses.  
Biology Letters 13(2): 20160761.  
DOI 10.1098/rsbl.2016.0761 
 

Figure 1. Overview of the systematic map process. Values 
(n = x) are the number of studies at each stage. Asterisk 
indicates partial record for number of papers published in 
2016 as literature sourced on 22/06/2016.. 

 Differences between ♂and ♀response to 
elevated pCO2 investigated in < 4 % of 
studies to date, often being precluded by the 
difficulty of determining sex non-
destructively, particularly in early life stages.  
 

 But, sex significantly impacts organism 
responses to OA, differentially affecting 
physiology, reproduction, biochemistry and 
ultimately survival.  
 

 Impacts do not always conform to ecological 
theory based on differential resource 
allocation towards reproduction, which 
would predict females to be more sensitive 
to OA due to the higher production cost of 
eggs compared to sperm.  
 

 Non-sex specific studies may overlook 
subtle but ecologically significant differences 
in the responses of males and females to 
OA, with consequences for forecasting the 
fate of natural populations in a near-future 
ocean. 



 Summary 

Experiments 

Models 

• No experiments or studies are a 
perfect mimic for climate change. 
Except 1!!!  

 

• Complexity and variability are all 
around us, and increases as we move 
across spatial, temporal and 
organisational scales. We need to 
except this and work with it. 

 

• Appreciate where the system has 
been, in order to understand where it is 
going. 

 

• Find ways to pull knowledge together 
to conceptually understand, but also 
challenge, the system and its 
response. 

 

• Models and experiments need to co-
evolve. 



Thank you 
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