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Figure S1. Carcinus maenas. Experimental design to study the effect of temperature and food limitation on larval development of the shore crab. Each experiment was repeated four times with larvae from a different female each time. Larvae produced by each female were assigned to different treatment combinations of food condition (limited access to prey: light green; or ad libitum: dark blue) and temperature (15, 18, 21 and 24°C). Limited access to prey consisted of feeding larvae for 6 hours per day.

2. METHODS: DATA TRANSFORMATION.
The purpose of this section is twofold: First, we justify the transformation of proportions into the logarithmic scale as a way to understand responses to multiple environmental drivers or stressors. Second, we provide a guide for the graphic interpretation of linear-additive responses of proportion survival when the response is linear in the logarithmic or logistic scales.
2.1 Data transformation
We explain why interpretations from log-transformed proportions are not the same as those obtained from logit-transformed proportions. The main question (see introduction of the paper) is whether the responses to simultaneous exposure to two stressors can be understood as the independent response to each stressor. This is important because, for instance, in such case one could use simple experiments, based on manipulating a single stressor at a time in order to predict the response to multiple stressors.
We consider an experimental situation where organisms experience two stressors, defined as two challenging situations, A and B (representing e.g. food limitation and increased temperature). The combined effect of A and B on proportion survival is studied through a factorial experiment with four factor combinations (Control, experience only A, experience only B and experience A and B); the data may be analysed through ANOVA (or similar type of test). 
The main null model to test is that the probability of surviving the presence of two stressors follows the rule of independence. If such rule is not followed, then experiencing event A either enhances (antagonistic effect) or reduces (synergistic effects) the chances of surviving B above and beyond the effect predicted by the rule of independence (multiplicative effect). According to the null model, and based on proportion of survivors estimating probabilities we would obtain that the proportion of survivors would follow:
PA,B = PA ∙ PB (eq.1)
Where PA and PB are the proportion surviving either A or B and PA,B is the proportion surviving A and B in combination.  In the log scale, we obtain: 
Log(PA,B) = log(PA) + log(PB) (eq. 2)
Hence, for probabilities, the null model of independence becomes an additive model when proportions are expressed in the log-scale.
For logit-transformed data, the null model does not correspond to the one obtained for log-transformed data. The logistic transformation is defined as logit(PX)= log[OX], with the odds as OX = PX/P¬X  and P¬X = 1 - PX; here X is any type of event (A or B). By reorganising terms we obtain PX = OX ∙P¬X. Therefore, we get: 
PA ∙ PB = OA ∙ OB ∙ P¬A ∙ P¬B (eq. 3)
Applying logarithms, we obtain the relationship between log and logit transformed proportions for the above product.
log(PA) + log(PB) = logit(PA)+ logit(PB) + C (eq. 4)
with C = log(P¬A)+ log(P¬B).
Importantly C= 0 only if PA= PB = 0; in addition the additive model in the logistic scale is found in eq. 4 as logit(PA) + logit(PB). Therefore, survival responses to multiple stressors that are consistent with a multiplicative model (eq. 2) will not be consistent with and additive model in the logistic scale, because C ≠ 0. In other words, one might reject the interaction term in the log-transformed proportions (and retain the multiplicative model) but not when they are logit-transformed. As an example, assume that the response to two stressors is independent (PA,B = PA ∙ PB) with PA = 0.8 and PB = 0.5 and therefore PA,B = 0.4. The product of the odds will be different than the odds obtained when the stressors are experienced (OA ∙ OB ≠ OA,B):  4 x 1 = 4  ≠ 2/3. In conclusion, log-transforming proportions provides the opportunity to test a null model that cannot be tested through logit transformation.
2.2. Interpretations of linear responses in the log and logistic scales
A critical challenge is the graphical representation and interpretation of results when the responses are linear and additive in the log or logarithmic scale. Here, we mean additive, as opposed to interactive, when an interaction term is not needed in a model and the response variable can be explained from the separate effect of each predictor.  The important point is that an additive pattern in the log or logit scales will correspond to interactive patterns in the raw scale (Fig 2).
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Figure S2. Percent survival (S= 100∙P) as a function of food (F) and temperature (T) when the functions log(P) and logit(P) are a linear and additive with respect to F (=4: green and 24=blue) and T (range: 1-25). In the example, both increased temperatures and low food levels results in decrements in survival. The range of values were chosen in order to simplify the graphical interpretation and do not relate to larvae Carcinus maenas. The constants are: a= -0.1, b=0.1, c=2.3; d= -0.6, e=0.5. Linear and additive responses in the logistic scale appear as interactive responses in the raw scale (slopes differ between food levels).


3. RESULTS.
Table S1. Carcinus maenas. Model selection for survival (logit transformed data) to consecutive stages (ZII: zoea II, ZIII: zoea III, ZIV: zoea IV, M: megalopa, respectively). Model selection was carried out using the adjusted Akaike information criteria (AICc). Selection for random terms was based on restricted maximum likelihood fitting (REML) while that of fixed terms was based on maximum likelihood (ML) fitting. Abbreviations: ♀: female of origin; F: food condition; T: temperature. The best overall model contains both the best random and fixed term as highlighted in bold: for example, the best model for survival to megalopa contained female of origin as a random term (i.e. random intercepts) and the interaction of food condition and temperature as a fixed term.

	Model selection: Random (REML)
	AICc

	Term
	ZII
	ZIII
	ZIV
	M

	
	♀:F:T 
	441
	437
	508
	595

	
	♀:T
	455
	448
	505
	593

	
	♀:F
	443
	424
	497
	584

	
	♀
	448
	434
	495
	579

	Model selection: Fixed (ML)
	
	
	
	

	
	F:T
	435
	414
	488
	576

	
	F+T
	435
	436
	499
	578

	
	T
	448
	
	
	594

	
	F
	433
	
	
	573

	
	Null
	446
	
	
	588




Table S2. Carcinus maenas. Model selection for survival (log transformed data) to consecutive stages (ZII: zoea II, ZIII: zoea III, ZIV: zoea IV, M: megalopa, respectively). See table S1 for further details.
	Model selection: Random (REML)
	AICc

	Term
	ZII
	ZIII
	ZIV
	M

	
	♀:F:T 
	-81
	68
	280
	503

	
	♀:T
	-59
	78
	278
	502

	
	♀:F
	-64
	67
	268
	492

	
	♀
	-59
	72
	263
	487

	Model selection: Fixed (ML)
	
	
	
	

	
	F:T
	-111
	37
	244
	479

	
	F+T
	-111
	60
	248
	481

	
	F
	-112
	
	
	490

	
	T
	-102
	
	
	475

	
	Null
	
	
	
	483
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Figure S3. Carcinus maenas. Effects of temperature and food limitation on cumulative survival (upper panels) and developmental time (lower panels) from hatching to zoea II and III. Data are shown as average values ± SE for all four females (thick lines) and discriminated by each individual female (thin lines). Values corresponding to ad libitum access to prey are shown in blue (average: full thick line and light blue circles; discriminated by female: full thin line and dark circles). Values corresponding to limited access to prey are shown in green (average: dashed thick line and light green squares; discriminated by female dashed thin line and crosses). Percentages on top of the symbols give the percent difference in survival or developmental time between the treatments of ad libitum (blue) and limited access to prey (green). In all conditions, differences between food treatments were significant.
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Figure S4. Carcinus maenas. Effects of temperature and food limitation on cumulative survival from hatching to zoea II, III, IV and Megalopa discriminated by female of origin. Error bars represent SE among larvae produced by four different females (n=5).

Table S3. Carcinus maenas. Zoea IV: model selection for dry mass (DW), and elemental carbon (C), and nitrogen (N) as per individual and as percent of dry mass. Model selection was carried out using the adjusted Akaike information criteria (AICc). Selection for random terms was based on restricted maximum likelihood fitting (REML) while that of fixed terms was based on maximum likelihood (ML) fitting. Abbreviations: ♀: female of origin; F: food; T: temperature; Null: null model for the fixed term (= overall mean). The best overall model contains both the best random and fixed term as highlighted in bold. Some best models were defined after log-likelihood test was significant (*: p<0.05 vs additive model and p<0.025 vs model with only food as factor).
	Model selection: Random (REML)
	AICc

	Term
	DW
	C
	N
	%C
	%N

	
	♀:F:T 
	627
	497
	188
	444
	55

	
	♀:T
	649
	519
	
	
	55

	
	♀:F
	612
	480
	172
	429
	38

	
	♀
	634
	502
	190
	429
	36

	Model selection: Fixed (ML)
	
	
	
	
	

	
	Full factorial
	639
	494
	158*
	438
	9

	
	F+T
	639
	491
	158
	440
	2

	
	T
	644
	497
	
	444
	20

	
	F
	647
	498
	159
	435
	19

	
	Null
	652
	503
	165
	439
	32





Table S4. Carcinus maenas. Megalopa: model selection for dry mass (DW) and elemental carbon (C), and nitrogen (N) as per individual and as percent of dry mass. Model selection was carried out using the adjusted Akaike information criteria (AICc). Selection for random terms was based on restricted maximum likelihood fitting (REML) while that of fixed terms was based on maximum likelihood (ML) fitting.  Abbreviations: ♀: female of origin; F: food conditions; T: temperature; Null: null model for the fixed term (= overall mean). The best overall model contains both the best random and fixed term as highlighted in bold.  Some best models were defined after log-likelihood test was significant (*: p<0.05 vs model based on food and p<0.025 vs null model; ***<0.005 vs model based on food only).
	Model selection: Random (REML)
	AICc

	Term
	DW
	C
	N
	%C
	%N

	
	♀:F:T
	
	627
	332
	
	

	
	♀:T
	816
	644
	359
	
	190

	
	♀:F
	788
	623
	335
	482
	173

	
	♀
	797
	624
	339
	478
	170

	Model selection: Fixed (ML)
	
	
	
	
	

	
	F:T
	832
	652
	338**
	492
	159

	
	F+T
	834
	652
	340
	486*
	156

	
	T
	836
	677
	338
	493
	158

	
	F
	831
	651
	346
	487
	162

	
	Null
	832
	655
	347
	494
	165
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Figure S5. Carcinus maenas. Effects of temperature and food limitation on carbon content per individual, cumulative developmental time and instantaneous growth rate from hatching to zoea IV and megalopa. Data are shown as average values ± SE for all four females (thick lines) and discriminated by each individual female (thin lines). Symbols as in Fig. S3. Percentages on top or below the symbols give the percent difference between treatments of ad libitum (blue) and limited access to prey (green). In all conditions, differences between food treatments were significant.
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Figure S6. Carcinus maenas. Effects of temperature and food limitation on nitrogen content per individual, cumulative developmental time and instantaneous growth rate from hatching to zoea IV and megalopa. Data are shown as average values ± SE for all four females (thick lines) and discriminated by each individual female (thin lines). Symbols as in Fig. S3. Percentages on top or below the symbols give the percent difference between treatments of ad libitum (blue) and limited access to prey (green). In all conditions, differences between food treatments were significant.
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Figure S7. Carcinus maenas. Effects of temperature and food limitation on dry mass, carbon and nitrogen content of zoea IV larvae, discriminated by female of origin. Error bars represent SE among larvae produced by four different females (n=3).
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Figure S8. Carcinus maenas. Effects of temperature and food limitation on dry mass, carbon and nitrogen content of megalopa, discriminated by female of origin. Error bars represent SE among larvae produced by four different females (n=3).

Table S5. Carcinus maenas. Model selection for developmental time to consecutive stages (ZII: zoea II, ZIII: zoea III, ZIV: zoea IV, M: megalopa, respectively). Model selection was carried out using the adjusted Akaike information criteria (AICc). Selection for random terms was based on restricted maximum likelihood fitting (REML) while that of fixed terms was based on maximum likelihood (ML) fitting. Abbreviations: ♀: female of origin; F: food condition; T: temperature. The best overall model contains both the best random and fixed term as highlighted in bold.
	Model selection: Random (REML)
	AICc

	Term
	ZII
	ZIII
	ZIV
	M

	
	♀:F:T 
	300
	368
	589
	691

	
	♀:T
	358
	419
	606
	763

	
	♀:F
	325
	371
	603
	713

	
	♀
	352
	415
	616
	764

	Model selection: Fixed (ML)
	
	
	
	

	
	Full factorial
	304
	363
	599
	716

	
	F+T
	297
	357
	592
	712

	
	T
	301
	364
	601
	715

	
	F
	310
	398
	620
	727
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Figure S9. Carcinus maenas. Effects of temperature and food limitation on cumulative developmental time from hatching to zoea II, III, IV and Megalopa, discriminated by female of origin. Error bars represent SE among larvae produced by four different females (n=5).
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Figure S10. Carcinus maenas. Linearised relationship between developmental time and temperature according to the universal temperature dependence (UTD), for larvae reared under food limitation (left panels) and ad libitum (right panels) conditions from hatching to zoea IV (upper panels) and megalopa (lower panels). The y-axis is the log-transformed developmental time; the x-axis contains f= 0.64/[k (T+273)], where T is the temperature in °C, and k is the Boltzmann constant. Data are shown discriminated by female of origin (numbers between brackets indicate the female of origin). The straight line shows the expected pattern given a linear relationship between log(D) and f.

Table S6. Carcinus maenas. Best model explaining the effect of temperature on developmental time through the universal temperature dependence model. Parameter estimates correspond to the orthogonal polynomial fitting; Symbols:  f = 0.64/[8.62∙10-5∙(T+273)]; * p <0.001; ns: p>0.05.

	
	Zoea IV
	Megalopa

	Random
	
	

	Intercept
	0.1243
	0.1892

	Food
	0.0682
	0.1365

	Residual
	0.0802
	0.0798

	Fixed
	Estimate
	SE
	Estimate
	SE

	Intercept
	2.81*
	0.06
	3.25*
	0.10

	f
	1.87*
	0.11
	1.50*
	0.12

	f2
	0.65*
	0.11
	0.65*
	0.11

	Food
	-0.23*
	0.04
	-0.31*
	0.07

	Food:f
	0.76*
	0.16
	1.20*
	0.16

	Food:f2
	-0.16ns
	0.16
	0.03
	0.16 ns




Table S7. Carcinus maenas. Model selection for instantaneous growth rate in terms of dry mass (gDW), carbon (gC) and nitrogen (gN). Model selection was carried out using the adjusted Akaike information criteria (AICc). The model had a variance term, a term controlling for female effect (as repeated measures factor) and fixed term. Selection for variance terms was based on restricted maximum likelihood fitting (REML) while that of fixed terms was based on maximum likelihood (ML) fitting. Abbreviations: ♀: female of origin; F: food condition; T: temperature; Null: null model for the variance term (= variance homogeneity) or fixed term (= overall mean). The best overall model contains both the best random and fixed terms as highlighted in bold.

	Model selection: Random (REML)
	AICc

	
	Zoea IV
	Megalopa

	Within subject
	 Variance term
	gDW
	gC
	gN
	gDW
	gC
	gN

	♀
	T:F
	-66
	-60
	-64
	-56
	-57
	-55

	♀
	F
	-101
	-97
	-102
	-97
	-96
	-96

	♀
	T:
	-94
	-88
	-94
	-87
	-85
	-86

	♀
	Constant
	-105
	-102
	-106
	-102
	-100
	-101

	Model selection: Fixed (ML)
	Zoea IV
	Megalopa

	
	F:T
	-175
	-170
	-176
	-172
	-170
	-171

	
	F+T
	-171
	-167
	-170
	-158
	-155
	-155

	
	T
	-134
	-126
	-130
	-129
	-125
	-127

	
	F
	-145
	-142
	-143
	-142
	-142
	-143

	
	Null
	-129
	-123
	-126
	-128
	-126
	-128
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Figure S11. Carcinus maenas. Integrated responses of body mass (DW) and developmental time to zoea IV under different temperatures and food conditions, discriminated by each female of origin (for average response, see Fig. 4, left panel). Symbols as follows: 15°C: triangles, 18°C: squares, 21°C: diamonds, 24°C: cycles; limited access to prey: light green (indicated as “-”) and ad libitum: dark blue (indicated as “+”). Error bars for body mass represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Note that symbols may be bigger than SE bars.
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[bookmark: OLE_LINK2]Figure S12. Carcinus maenas. Integrated responses of Carbon content (C) and developmental time to zoea IV under different temperatures and food conditions discriminated by each female of origin (four upper panels), and average response (low panel). Error bars for C content by female represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Errors bars for the average response represent SE among females (n=4). Symbols as in Fig. S11. Note that symbols may be bigger than SE bars.
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Figure S13. Carcinus maenas. Integrated responses of Nitrogen content (N) and developmental time to zoea IV under different temperatures and food conditions discriminated by each female of origin (four upper panels), and average response (low panel). Error bars for N content by female represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Errors bars for the average response represent SE among females (n=4). Symbols as in Fig. S11. Note that symbols may be bigger than SE bars. 
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Figure S14. Carcinus maenas. Integrated responses of body mass (DW) and developmental time to megalopa under different temperatures and food conditions discriminated by each female of origin (for average response, see Fig. 4, right panel). Error bars for DW by female represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Symbols as in Fig. S11. Note that symbols may be bigger than SE bars.
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Figure S15. Carcinus maenas. Integrated responses of Carbon content (C) and developmental time to megalopa under different temperatures and food conditions discriminated by each female of origin (four upper panels), and average response (low panel). Error bars for C content by female represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Errors bars for the average response represent SE among females (n=4). Symbols as in Fig. S11. Note that symbols may be bigger than SE bars.
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Figure S16. Carcinus maenas. Integrated responses of Nitrogen content (N) and developmental time to megalopa under different temperatures and food conditions discriminated by each female of origin (four upper panels), and average response (low panel). Error bars for N content by female represent SE among larvae produced by each of four different females (n=3); error bars for developmental time represent SE among larvae produced by each of four different females (n=5). Errors bars for the average response represent SE among females (n=4). Symbols as in Fig. S11. Note that symbols may be bigger than SE bars.
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Figure S17. Carcinus maenas. Effects of temperature and food limitation on percent carbon and nitrogen and of zoea IV and megalopa. Data are shown as average values ± SE for all four females (thick lines) and discriminated by each individual female (thin lines). Symbols as in Fig. S3. Percentages on top or below the symbols give the percent difference between treatments of ad libitum (blue) and limited access to prey (green). In all conditions, differences between food treatments were significant.

4. DISCUSSION.
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Figure S18. Carcinus maenas. Developmental time to zoea II stage as predictor of cumulative survival to different stages. All correlations were negative but minus sign is not shown in y-axis. The horizontal grey line shows the limit below which correlations are significant (p>0.05).
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