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Appendix S1. Prey species delivered by adults to chicks during feeding watches at the Isle of May (1999-2006). 
Data are presented by frequency, energetic proportion, and size, highlighting decisions that were made on the raw data and subsequent recorded mean size and energy (see Appendix S2 in File S1) of prey. A division of 60mm was chosen for separating 0-group sandeels, and 1+ group sandeels based on fish collected from flight-netting puffins [1]. These sizes and proportions were used in the chick component of the prey capture rate algorithm. 

	Seabird species
	Measure
	0-group sandeel
	1+ group sandeel
	Sprat
	Gadid

	Guillemot
	Proportion (frequency %)
	1.0±0.7
	26.4±13.6
	70.6±15.7
	2.0±1.4

	
	Proportion (kJ %)
	0.1±0.0
	17.2±8.7
	82.1±9.3
	0.7±1.1

	
	Very small size (mm)1
	60.0±0
	-
	70.0±14.1
	-

	
	Small size (mm)1
	-
	93.3±5.8
	96.7±5.8
	50.0±0

	
	Medium size (mm)1
	-
	123.3±5.8
	123.3±11.6
	80.0±0

	
	Large size (mm)1
	-
	143.3±5.8
	150.0±0
	120.0±0

	
	Overall size (mm)2
	60.0±0
	105.9±9.0
	103.2±4.9
	71.9±11.5

	
	Overall energy of prey (kJ)
	3.7±0.2
	29.5±15.8
	83.9±46.4
	15.2±12.6

	Razorbill
	Proportion (frequency %)
	83.0±21.7
	9.5±14.1
	7.3±7.3
	0.2±0.0

	
	Proportion (kJ %)
	56.7±36.7
	12.0±13.1
	25.9±20.9
	5.4±3.8

	
	Very small size (mm)1
	40
	-
	50
	-

	
	Small size (mm)1
	50
	-
	60
	90

	
	Medium size (mm)1
	-
	70
	80
	110

	
	Large size (mm)1
	-
	80
	90
	-

	
	Overall size (mm)2
	49.1±2.9
	73.1±46.6
	71.1±12.1
	98.0±10.9

	
	Overall energy of prey (kJ)
	1.9±0.3
	7.7±1.8
	24.6±13.6
	25.0±7.7

	
	Overall energy per load (kJ)
	15.9±6.5
	13.4±10.3
	40.6±32.1
	46.6±23.4

	
	Very small number per feed3
	10.5±4.6
	-
	5.4±1.9
	-

	
	Small number per feed3
	8.2±8.2
	-
	1.6±1.3
	2.2±1.2

	
	Medium number per feed3
	-
	1.6±1.5
	1.1±1.1
	1.0±0

	
	Large number per feed3
	-
	1.3±0.8
	1.2±0.7
	-

	
	Overall number per feed3
	8.4±3.4
	1.5±1.3
	1.6±1.7
	2.0±1.2



1 Defined sizes for each prey type and size based on prey collected on breeding ledges, from fish dropped by puffins, and subjective decisions
2 The mean observed overall size, based on decisions made under 1 above
3 The mean observed number of prey per feed for razorbill for each prey type, and an overall mean (independent of any decisions on prey size)
Appendix S2.	The bio-energetics model and energetic relationships from the literature. 
We calculated daily energy expenditure (DEEA) and hence daily energy intake (DEIA) of adults as

Equation 1: 

Equation 2: 

where, fw = energy expended warming the food ingested, and AS = gut assimilation efficiency; proportional time activity are given as: propFL, propFO, propSE, and propNE, defined as the proportion of time per 24 hours spent in flight, foraging (diving plus interdive pause), on the sea surface and at the nest, respectively. Proportions of time activity were calculated directly from activity budgets of individuals, and were available for 1-4 (typically 1-2) 24 hour sections per bird. We defined FL.kJ, FO.kJ, SE.kJ, and NE.kJ as the metabolic rate (kJ/day) of individuals during activities of flight, foraging, on the sea surface and at the nest, respectively. Assimilation values were taken from the literature [2] and were given as 77.52±1.60% for guillemots and 78.97±1.71% for razorbills. The energy expended on the sea surface, was defined as:

Equation 3: [3]

Equation 4: 
where, SE.Wkg = metabolic rate (W/kg) during periods on the sea surface, SST = sea surface temperature recorded directly for 18 guillemots and 6 razorbills from the compass logger temperature sensor, and Mass = body mass (kg) of the individual either measured directly, or sampled from the distribution of observed masses in this study. Direct mass measurements were available for only eight guillemots and six razorbills that were tagged in this study; therefore we also calculated a mean mass including other data that were available from separate samples of birds collected over the same time period; mean masses were thus given as 908.4±53.4g for guillemots (n = 25) and 582.9±26.0g razorbills (n = 20). Temperature during phases on the sea surface was calculated for each bird where possible; however, when temperature was unknown (see above), we took a random sample from the distribution across all birds and time sections (guillemot, mean: 11.7±1.0ºC, range: 10.1-13.1ºC; razorbill, mean: 12.6±0.5ºC, range: 11.8-13.9ºC). We estimated the metabolic rate (kJ/day) during diving underwater (DI.kJ) as: 

Equation 5: [4]
To obtain “foraging metabolic rate” (FO.kJ), we added the diving metabolic rate (DI.kJ) to a calculated metabolic rate for inter-dive periods on the sea surface, thus:

Equation 6: 

where PropUnder = the proportion of time spent underwater per day. For periods of flight, we calculated FL.kJ (metabolic rate measured in kJ/day) as: 

Equation 7: 

where FL.Wkg = metabolic rate (W/kg) of energy expenditure during flight using Program FLIGHT [5], [6], given as 92.6W/kg for guillemots, and 71.2W/kg for razorbills. Finally, we defined the metabolic rate of energy expenditure at the nest (NE.kJ) as:

Equation 8: 
For guillemots and razorbills, basal metabolic rate (BMR) [7] was given as 390kJ/day and 311kJ/day, respectively. For estimation of the number of prey needed to meet energetic needs (see Equations 1 and 2 in the main article), we calculated the energy of fish from length-energy (kJ) relationships [8]:



Equation 9: 

Equation 10: 

Equation 11: [8]

	Only prey species where published energetic values were available could be used for modelling, hence we could not include information for gobies, invertebrates, or other species that have been recorded in adult diets (Appendix S3 in File S1). For calculation of daily energy intake of chicks (DEIC), we used the mean daily energy intake calculated directly from all-day watches. For individual feeds, the energetic value was calculated as the number of prey (guillemot = 1, razorbill >=1) multiplied by the energetic content of the respective prey items. This calculation used the same fish length-energy relationships as stated in equations 9, 10 and 11. Razorbills typically carry multiple prey items and the exact number of prey in loads is hard to quantify from visual observations. However, typically the number of fish is inversely related to the unit prey size and accordingly, we assumed that loads containing very small, small, medium and large fish comprised 10, 6, 4 and 2 individual prey respectively [9]. The DEIC was calculated by summing all feeds for individual chicks per watch and then averaging across all chicks for that watch. Averages were then taken to give one value and standard deviation of DEIC across all years, from which a random value could be drawn (mean, guillemot: 266±79kJ/day, mean razorbill: 102±37kJ/day); comparable data from other colonies are lacking for razorbills, but values of daily energy intake for guillemot chicks are similar to those at the Isle of May [1], [10]. The randomly sampled DEIC was then divided by 2 on the assumption that parents contributed equally to chick provisioning, and a value for the energy per dive, per minute foraging and per minute underwater was calculated. This value represented the energy acquired per currency by the adult to meet the chick’s need. A similar process to adult DEI (DEIA) was then used to sample the proportion and size of chick prey items, using all day watches, to meet this energy per currency value (see Equations 1 and 2 in the main article).
Basal metabolic rate
We used multiples of Basal Metabolic Rate (BMR) as a metric for simulations of predator responses to changes in the prey base. Previously, a value of 4 x BMR was considered an upper metabolic ceiling in birds [10], [11], prolonged expenditure beyond which was thought to be unsustainable [10]. However, several studies have concluded that the 4 x BMR ceiling may be too low, with values above this often reported [2], [12], [13]. A higher value of 7 x BMR has been described for vertebrates [14], and was therefore taken as representative for guillemots and razorbills in this study, as used elsewhere [15]. In our simulations the baseline condition (shown by asterisks in Fig 2) suggests birds may be operating at or just below 4 x BMR, which is similar, albeit slightly lower than has been recorded elsewhere for Brunnich’s guillemots using doubly labelled water (5.7 x BMR) [15], [16]. 

Assumption of energy balance
We assumed that adult birds were in energy balance whilst rearing chicks. However, the body mass of adult common guillemots is known to decrease between incubation and chick-rearing [17], [18], as also seen for Brunnich’s guillemots. These changes have been attributed to increasing seasonal demands in provisioning chicks [19], or adaptive responses to reducing flight costs and improving diving performance [20]. Adult mass loss for common guillemots over chick-rearing (from 1 to 25 day old chicks) is estimated as 97g [18]. However, the sensitivity analysis suggested our bio-energetics model was not sensitive to mass (Table 4). The effect of the energy balance assumption on our conclusions was therefore considered to be negligible. 

Time activity budgets – a comparison to other colonies
The activity data for the Isle of May in this study was broadly similar to other studies of guillemots [21], [22-24] and razorbills [25], [26], [27], [28]. The mean time spent at the colony per day was 49.2% for guillemot, similar to previous studies (range, 30.3-71.0%), and for razorbills, our value of 48.9% compared well with a value of 50% recorded at Grӕsholmen in the Baltic Sea [25]. The time spent in flight for guillemot was 3.5%, at the lower end of the recorded range (range, 3.2-7.7%). For razorbills, no other information was available on the time spent in flight from other studies to compare with our mean figure (7.8% per day). However, for razorbills studied at the Isle of May over the same time period, 15.6% time was spent in flight per foraging trip, at the upper range seen across other studies (7-15%). The time spent underwater per day, 14.5% (23.5% including surface pauses) and 8.0% (21.3% including surface pauses), matched those reported elsewhere for both guillemots (3.9-16.7%) and razorbills (2.8-13.1%). The similarity of these figures to existing studies gives further weight to the conclusions reached for scenarios 2 and 3. Adults may alter their time budgets in response to changing environmental conditions, seen through reductions in time spent on the sea surface and increases in foraging activity [24] – these known behaviours were reflected in our decisions for alterations of time activity budgets when testing scenarios 2 and 3.   


Appendix S3. Frequency of prey types in adult diets at the Isle of May (2003-2007) obtained through water offloading. 
Data are shown for (A) Common guillemots (2003-2005), (B) Common guillemots (2006 and 2007) and (C) Razorbills (2003). Information is presented as the number of samples containing remains, otoliths, and percentage (%) with prey. For the purposes of Monte Carlo simulations, the total number with remains or otoliths was tallied to give a compositional value for each of the following prey types: 0-group sandeel, 1+ sandeel, sprat, and gadid. Other prey types could not be included because they had no known energetic relationships to prey size (see also Table 2).  
	A
	
	
	

	Guillemot
	2003
	
	
	2004
	
	
	2005
	
	

	Prey type
	Remains
	Otoliths
	% with prey
	Remains
	Otoliths
	% with prey
	Remains
	Otoliths
	% with prey

	Sandeel all
	59
	44
	95
	6
	6
	75
	3
	2
	30

	Sandeel (0-group)
	35
	35
	56
	5
	5
	63
	2
	2
	20

	Sandeel (1+ group)
	14
	14
	23
	1
	1
	13
	0
	0
	0

	Sprat
	14
	6
	23
	5
	1
	63
	1
	1
	10

	Goby
	13
	6
	21
	0
	0
	0
	2
	2
	20

	Gadid
	10
	7
	16
	0
	0
	0
	3
	3
	30

	Pipefish
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Invertebrates
	13
	n/a
	21
	1
	n/a
	13
	4
	n/a
	29

	No. with prey
	62
	48
	 -
	8
	8
	 -
	10
	5
	- 

	No. additional invertebrates
	0
	n/a
	 -
	0
	n/a
	-
	4
	n/a
	-

	Total birds sampled
	62
	 
	 -
	17
	 -
	- 
	19
	 -
	-

	B
	
	
	
	
	
	
	
	
	

	Guillemot
	2006
	
	
	2007
	
	

	Prey type
	Remains
	Otoliths
	% with prey
	Remains
	Otoliths
	% with prey

	Sandeel all
	0
	0
	0
	8
	7
	47

	Sandeel (0-group)
	0
	0
	0
	7
	7
	41

	Sandeel (1+ group)
	0
	0
	0
	2
	2
	12

	Sprat
	11
	1
	65
	3
	3
	18

	Goby
	2
	2
	12
	0
	0
	0

	Gadid
	7
	7
	41
	4
	3
	24

	Pipefish
	2
	0
	12
	1
	0
	6

	Invertebrates
	11
	n/a
	61
	4
	n/a
	22

	No. with prey
	17
	10
	 -
	17
	9
	- 

	No. additional invertebrates
	1
	n/a
	 -
	1
	n/a
	- 

	Total birds sampled
	21
	- 
	 -
	21
	- 
	- 

	C
	
	
	
	
	
	

	Razorbill
	2003
	
	

	Prey type
	Remains
	Otoliths
	% with prey

	Sandeel all
	6
	4
	100

	Sandeel (0-group)
	6
	4
	100

	Sandeel (1+)
	0
	0
	0

	Sprat
	0
	0
	0

	Goby
	0
	0
	0

	Gadid
	0
	0
	0

	Pipefish
	0
	0
	0

	Invertebrates
	0
	n/a
	0

	No. with prey
	6
	4
	- 

	No. additional invertebrates
	0
	n/a
	-

	Total birds sampled
	6
	- 
	- 




Appendix S4. Time activity budgets for all common guillemots included in this study. 

	
	
	
	
	Time budgets (hours/day)
	Adult energy estimations (kJ/day)

	Year
	Bird
	24 hour Section
	No. dives/day
	Nest
	Flight
	Sea
	Forage
	Daily Energy Expenditure
	Daily Energy Intake

	1999
	1
	1
	65
	16.0
	0.3
	5.1
	2.6
	1428
	1842

	
	2
	1
	93
	11.8
	0.9
	7.6
	3.7
	1632
	2105

	
	2
	2
	150
	9.0
	1.3
	7.4
	6.4
	1690
	2180

	
	3
	1
	197
	12.8
	0.3
	6.2
	4.7
	1440
	1858

	
	4
	1
	267
	11.9
	0.9
	6.7
	4.5
	1602
	2066

	
	4
	2
	370
	3.5
	1.0
	10.7
	8.8
	1684
	2173

	
	5
	1
	249
	3.0
	0.6
	12.9
	7.5
	1672
	2157

	
	6
	1
	319
	11.6
	0.8
	5.5
	6.2
	1502
	1938

	2002
	7
	1
	112
	14.0
	1.2
	5.7
	3.1
	1550
	1999

	
	8
	1
	105
	15.4
	0.7
	3.1
	4.8
	1515
	1954

	
	9
	1
	101
	12.7
	0.2
	7.0
	4.1
	1316
	1698

	
	9
	2
	187
	14.2
	0.5
	3.7
	5.6
	1466
	1891

	
	10
	1
	196
	9.9
	1.2
	8.0
	4.9
	1581
	2039

	
	10
	2
	98
	13.8
	0.8
	6.5
	2.9
	1440
	1858

	
	11
	1
	211
	16.3
	0.5
	2.9
	4.3
	1459
	1882

	
	11
	2
	235
	13.4
	0.6
	4.9
	5.1
	1471
	1898

	
	12
	1
	169
	10.1
	0.3
	11.1
	2.5
	1229
	1586

	
	13
	1
	89
	11.8
	0.2
	10.2
	1.9
	1183
	1526

	
	14
	1
	157
	7.9
	0.9
	8.0
	7.2
	1574
	2031

	
	14
	2
	178
	9.0
	0.8
	7.7
	6.5
	1517
	1957

	
	15
	1
	93
	15.0
	0.8
	5.5
	2.6
	1442
	1860

	
	16
	1
	171
	9.7
	0.8
	7.5
	6.0
	1521
	1962

	
	17
	1
	317
	7.9
	2.0
	5.4
	8.7
	1932
	2493

	
	17
	2
	175
	12.4
	1.4
	4.0
	6.2
	1715
	2213

	2003
	18
	1
	131
	10.6
	0.6
	8.1
	4.7
	1420
	1832

	
	19
	1
	106
	14.9
	0.7
	5.7
	2.7
	1409
	1817

	
	20
	1
	131
	12.2
	1.7
	5.5
	4.5
	1691
	2182

	
	21
	1
	125
	16.4
	0.4
	1.9
	5.3
	1480
	1910

	
	22
	1
	218
	7.5
	1.4
	6.5
	8.5
	1725
	2225

	
	23
	1
	151
	12.2
	0.7
	2.8
	8.2
	1634
	2108

	
	24
	1
	110
	15.6
	1.0
	2.7
	4.7
	1596
	2059

	2005
	25
	1
	75
	17.0
	0.8
	3.1
	3.1
	1493
	1927

	Mean
	
	
	167
	11.9
	0.8
	6.2
	5.1
	1532
	1976

	SD
	
	
	76
	3.5
	0.4
	2.6
	1.9
	150
	194









Appendix S5. Time activity budgets for all razorbills included in this study. 

	
	
	
	
	Time budgets (hours/day)
	Adult energy estimations (kJ/day)

	Year
	Bird
	24 hour Section
	No. dives/day
	Nest
	Flight
	Sea
	Forage
	Daily Energy Expenditure
	Daily Energy Intake

	1999
	1
	1
	33
	22.9
	0.5
	0.5
	0.2
	754
	954

	
	2
	1
	314
	13.3
	2.3
	5.3
	3.0
	1315
	1665

	
	2
	2
	334
	11.4
	1.1
	7.9
	3.6
	1225
	1551

	
	2
	3
	525
	11.0
	1.6
	6.4
	5.0
	1233
	1561

	
	3
	1
	164
	11.8
	1.8
	8.3
	2.1
	1324
	1676

	
	3
	2
	175
	16.0
	2.1
	4.4
	1.5
	1287
	1629

	
	4
	1
	283
	16.4
	1.2
	3.1
	3.3
	1137
	1439

	
	5
	1
	243
	17.3
	0.9
	3.0
	2.9
	1108
	1403

	
	5
	2
	403
	16.6
	0.7
	2.8
	3.9
	1075
	1361

	
	5
	3
	610
	0.2
	1.6
	13.3
	8.9
	1326
	1679

	2005
	6
	1
	749
	14.2
	0.7
	4.9
	4.2
	1084
	1373

	2006
	7
	1
	276
	15.9
	3.0
	1.4
	3.7
	1370
	1734

	
	7
	2
	384
	7.5
	3.4
	9.1
	4.0
	1331
	1686

	
	7
	3
	313
	7.9
	2.6
	10.3
	3.3
	1213
	1535

	
	7
	4
	160
	10.9
	1.4
	9.8
	2.0
	1059
	1341

	
	8
	1
	404
	10.7
	2.6
	5.0
	5.7
	1329
	1683

	
	8
	2
	270
	18.5
	1.6
	0.2
	3.7
	1230
	1558

	
	8
	3
	740
	4.5
	1.7
	11.1
	6.7
	1172
	1484

	
	9
	1
	282
	15.5
	2.6
	2.6
	3.3
	1308
	1656

	
	9
	2
	293
	13.7
	2.8
	3.7
	3.8
	1331
	1686

	
	10
	1
	257
	15.8
	2.0
	2.6
	3.7
	1249
	1582

	
	10
	2
	521
	1.7
	2.0
	11.9
	8.3
	1237
	1567

	
	11
	1
	290
	16.2
	1.8
	1.2
	4.8
	1268
	1606

	
	11
	2
	614
	6.9
	2.4
	7.1
	7.7
	1324
	1677

	
	11
	3
	418
	12.8
	1.6
	6.2
	3.4
	1161
	1470

	
	11
	4
	716
	6.7
	1.2
	10.6
	5.5
	1103
	1396

	Mean
	
	
	376
	12.2
	1.8
	5.9
	4.2
	1214
	1537

	[bookmark: _GoBack]SD
	
	
	189
	5.3
	0.8
	3.8
	2.0
	132
	168
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