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781 Figure 1. Theoretical predictions of the simple FTM with differences in mean task thresholds only.
782 One hundred replicates were simulated for each colony composition. Each opaque circle represents an
783 individual replicate colony (colony size 16); each solid circle represents the average value across all

784 replicates for its corresponding colony (or sub-colony) composition. Panels show division of labor

785 (behavioral variation (a), specialization (b)) and task performance frequency (c) as a function of colony
786 composition. Type Y individuals have a higher mean threshold than type X individuals for both tasks (u* =
787 10, u¥ =20). All other parameters are identical for both types: 6 =0.6, a=2,0=0.1,7=7,7=0.2 (see
788 Materials and Methods and Table S2 for parameter definitions).
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790 Figure 2. Mean r.m.s.d. (a proxy for mean extranidal activity) as a function of colony composition.
791 Opaque circles represent mean behavior of individuals in replicate colonies (or sub-colonies). Open circles
792 represent average values across replicate colonies (or sub-colonies). For mixed colonies, data are shown
793 both as type-specific mean behavior (in type-specific colors) and colony-level mean behavior (in ‘average’
794 color). Identical colors across panels indicate ants of the same genotype, age, and morphological types.
795 Sample sizes indicate the number of replicate colonies. Straight solid black brackets represent the effects of
796 individual traits on behavior (Xp vs. Y and Xmvs. Ym ). Black dotted brackets represent the behavioral
797 differences between types in pure (Y,-X;) and mixed (Ym-Xm) colonies. Black curly brackets represent the
798 effect of mixing on inter-type behavioral differences (Yp-Xp vs. Ym-Xm). Grey curly brackets represent the
799 asymmetry of the effect of mixing between types (|Xp-Xm| vs. [Yp-Ym|) . a: Spatial distribution of two ants
800 with high (blue; genotype B) and low (red; genotype A) r.m.s.d. from the same colony. Arrows point to the

801 corresponding r.m.s.d. values. b: Behavior as a function of colony genetic composition in colonies with A
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802  brood. Colony size 16. GLMM post hoc Tukey tests (Bp vs. Ap: z=7.75, p = 3.64*10"%; Bnvs. Am:z=
803 4.61, p = 8.06*10"%) ¢: Behavior as a function of colony genetic composition in colonies with B brood.
804  Colony size 16. (Bp vs. Ap: z=7.45,p=2.80%10"3; Bmvs. Am: z=7.68, p = 6.57*10"'%) d: Behavior as a
805 function of colony demographic composition. Colony size 16 (Youngy vs. Oldp: z = -6.05, p = 4.39*10%;
806  Youngmvs. Oldm: z=-13.31, p < 2*10°'°). e: Behavior as a function of colony morphological composition.
807 Colony size 8. (Regular Worker, vs. Intercastep: z = 2.14, p = 0.10, Regular Workern vs. Intercastem : z =
808  8.95, p <2*107%). n.s.: non-significant, *: p < 0.05, **: p < 0.01, ***: p <0.001.
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810 Figure 3. Specialization (day-to-day rank correlation in r.m.s.d.) as a function of colony

811 composition. Opaque circles represent replicate colonies. Open circles represent average values across
812 replicate colonies. Sample sizes indicate the number of replicate colonies. Identical colors across panels
813 indicate ants of the same genotype, age, and morphological types. a: Specialization as a function of colony
814 genetic composition in colonies with A brood. Colony size 16. (GLM post hoc Tukey tests; B, vs. mixed: z
815 =-2.78, p=0.02; Ap vs. mixed: z=1.25, p=0.26) b: Specialization as a function of colony genetic

816 composition in colonies with B brood. Colony size 16. (Bp vs. mixed: z=-2.41, p=0.047 ; A, vs. mixed: z
817 =0.88, p =0.38) c: Specialization as a function of colony demographic composition. Colony size 16

818  (Youngp vs. mixed: z=3.01, p = 0.005; Old, vs. mixed: z=5.01, p = 1.63*10"%) d: Specialization as a
819 function of colony morphological composition. Colony size 8 (Regular Worker, vs. mixed: z=-4.35,p =
820  4.05*10", Intercastep vs. mixed: z=2.73, p = 0.013). n.s.: non-significant, *: p < 0.05, **: p <0.01, ***: p
821 <0.001.
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823 Figure 4. Theoretical predictions of the FTM on task performance and their robustness. a-d: Task

824  performance frequency as a function of colony composition. One hundred replicates were simulated for

825 each colony composition. Each opaque circle represents a replicate colony (colony size 16); each solid

826 circle represents the average value across all replicates for its corresponding colony (or sub-colony)

827 composition. Horizontal gray lines represent the average value of the pure colonies (first two columns) in

828 their respective panels. Identical colors across panels indicate ants of the same types; in particular, the

829 parameters for type Y ants are fixed across panels a-d (u”= 10, a = 2). a-b: Differences in task efficiency

830 (a) between types and demand rate (J) across colonies capture asymmetric behavioral contagion, downward

831 (a) and upward (b). Larvae are more demanding in b (6 = 1.3) than in a (J = 0.6). For a given 9, type X is

832 more efficient than type Y (o= 5, a'=2). Type Y can keep up with demand when the larvae are less

833 demanding (a) but not when they are more demanding (b); type Xi can keep up with the demand in both

834 cases. Parameters: 0= 0.1, u =10, =7, t= 0.2. ¢-d: Between-type differences in task efficiency (o)) and

835 mean threshold (1) capture both a lack of effects from mixing (¢) and behavioral amplification (d). In ¢,

836  type Xz is less efficient than type Y (o= 1.5, &' = 2) and has a lower threshold for both tasks (= 7.5, u”

837 =10). In d, type X; is more efficient than type Y (a* = 3, a¥ = 2) and has a higher threshold for both tasks

838  (u* =15, 4" =10). Parameters: 6= 0.1, 7 =7, =0.6, = 0.2. e: Change in between-type relative task

839 performance between mixed and pure colonies (measured as (Ym-Xm) - (Yp-Xp)) as a function of type X’s
27
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task efficiency, o, and mean task threshold, #*. The letters Xi, X, and X3 indicate the parameter settings
for type X in a-d; the blue letter Y indicates the parameter settings for type Y, which are fixed for a-d and
all grids in e. Shades of blue indicate behavioral amplification (Yp-Xp< Ym-Xm), and shades of brown
indicate behavioral contagion (Yp-Xp> Ym-Xm); light gray indicates regions in which the behavior is
undefined according to our definitions of the behavioral patterns, which exclude biologically unrealistic
scenarios (see Results). Fifty replicates were simulated for each parameter combination. Parameters: 7 =7,

c=0.1,7=0.2.
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847
848 Figure 5. Predictions of the FTM for non-1:1 mixes. Colonies of size 16 with varying ratios of X and Y

849 individuals were simulated under different conditions of threshold values, task-performance efficiency, and
850 task demand. One hundred replicates were simulated for each colony composition. Each large circle

851 represents the mean for that mix of X and Y individuals, while the neighboring smaller circles represent the
852 means of X and Y individuals, respectively, within that mix. The dashed lines indicate the null hypothesis
853 of linear behavioral effects of mixing types. The boxes highlight the behavioral patterns that characterize
854 the 1:1-mixes, and their labels indicate correspondence with panels in Fig. 4 (a with Fig. 4c, b with Fig. 4a,
855 ¢ with Fig. 4b, and d with Fig. 4d). Parameters for each type (X1, Xz, X3, Y) are identical to those of the
856 corresponding type in Fig. 4. a: X: individuals have a lower mean task threshold and are less efficient than
857 Y individuals. b: Xi individuals are more efficient than Y individuals. ¢: Xi individuals are more efficient
858 than Y individuals, but task demand is high. d: Xs individuals have a much higher mean task threshold than

859 Y individuals and are more efficient.
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860  Table 1. Summary of theoretical results. Theoretical predictions of the simple FTM (top row) and
861 extended FTM (bottom row) for pure and mixed colonies, as well as the pattern of behavioral change
862 observed between them. Text in italic highlights key differences in model predictions. Colors indicate
863  agreement (light green) or disagreement (light red) with experiments.
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