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68 study, the sedimentological and taphonomic contexts of levels with large trilobites from the 69 Fezouata Shale are elucidated, in order to contribute to the understanding of body-size 70 fluctuations in the geological record (see also [START_REF] Lamsdell | Cope's Rule and Romer's theory: patterns of diversity 502 and gigantism in eurypterids and Palaeozoic vertebrates[END_REF][START_REF] Klug | Normal 484 giants? Temporal and latitudinal shifts of Palaeozoic marine invertebrate gigantism and 485 global change[END_REF]71 Sigurdsen & Hammer, 2016). 72 73 2. Geological and paleoenvironmental context 74 A long term transgression at the beginning of the Ordovician created epicontinental seas on 75 the Gondwana margins in the Southern Hemisphere [START_REF] Torsvik | The Palaeozoic palaeogeography of central Gondwana[END_REF]2013). The 76 Fezouata Shale Formation (Fig. 1a) was deposited in a cold water sea, at high latitudes (over 77 60°S) close to the South Pole (Fig. 1b) [START_REF] Torsvik | New global palaeogeographical reconstructions for the Early 606 Palaeozoic and their generation[END_REF]Martin et al., 2016b).

78 Sedimentary rocks of this formation consist of blue-green to yellow-green siltstones 79 [START_REF] Destombes | Lower palaeozoic rocks of Morocco[END_REF]. The 900 m-thick succession of the Fezouata Shale (Fig. 1a) was 80 deposited in a storm/wave dominated environment with a minor influence of tides (Vaucher et 81 al., 2016). In this environment, sedimentological structures indicate a deepening trend from 82 the SE to the NW (Fig. 1c) as shown in [START_REF] Vaucher | A wave-626 dominated, tide-modulated model for the Lower Ordovician of the Anti-Atlas, Morocco[END_REF]. Thus, the most proximal 83 settings in the Late Tremadocian (A. murrayi Zone) occur near Tamegroute (about 20 km 84 ESE of Zagora; Fig. 1c) (see, [START_REF] Saleh | 578 Storm-induced community dynamics in the Fezouata Biota ( Lower Ordovician, 579 Morocco)[END_REF]. In this locality, sedimentary rocks are 85 constituted of coarse siltstones to fine grained sandstones showing hummocky cross 86 stratifications (HCS) of cm-to dm-scale wavelengths [START_REF] Vaucher | A genetic link between 623 Konzentrat-and Konservat-Lagerstätten in the Fezouata Shale (Lower Ordovician, 624 Morocco)[END_REF] (Fig. 1d).

87 Intermediate settings of the Fezouata Shale occur in Bou Izargane in the Ternata plain about 88 20 km N of Zagora (Fig. 1c). In this setting, sedimentary rocks are characterized by finer 89 siltstones and more abundant background sediments than in Tamegroute, in addition to the 90 presence of storm events with up to cm-scale HCS (Saleh et al., 2019) (Fig. 1d). The average 91 sedimentation rate in this area was estimated ~79 m/Ma (Saleh et al., 2019). The progradation 92 model proposed by [START_REF] Vaucher | A wave-626 dominated, tide-modulated model for the Lower Ordovician of the Anti-Atlas, Morocco[END_REF] suggests that the Ouled Slimane area is associated 93 with more distal settings (Fig. 1c). A field campaign was organized in 2019 to better constrain 94 the depositional environment of this locality (see section 3).

95 As for the faunal content of the different sites, all three sites yielded diverse assemblages of 96 marine invertebrates [START_REF] Saleh | 578 Storm-induced community dynamics in the Fezouata Biota ( Lower Ordovician, 579 Morocco)[END_REF]. However, Tamegroute is characterized by sessile 97 epibenthic taxa (bivalves, brachiopods) that are about half the size of those in Bou Izargane 98 [START_REF] Saleh | 578 Storm-induced community dynamics in the Fezouata Biota ( Lower Ordovician, 579 Morocco)[END_REF]. Size variations in the Fezouata Shale between localities are not limited to 99 brachiopods and bivalves. Trilobites also show body-size discrepancies between localities.

100 The largest trilobites from the Fezouata Shale are found at Ouled Slimane [START_REF] Rábano | Platypeltoides magrebiensis n. sp., Asaphina, Nileidae, del Ordovicico 567 inferior del Anti-Atlas central, Marruecos[END_REF]101 Fortey, 2009;[START_REF] Lebrun | Fossiles du Maroc. Tome I, Gisements emblématiques du Paléozoïque de 504 l'Anti-Atlas[END_REF] 121 The current taxonomy of Platypeltoides is uncertain. Platypletoides magrebiensis Rábano, 122 1990, was the only species of this genus reported from the Fezouata Shale [START_REF] Rábano | Platypeltoides magrebiensis n. sp., Asaphina, Nileidae, del Ordovicico 567 inferior del Anti-Atlas central, Marruecos[END_REF]123 Martin et al., 2016a). Recently, [START_REF] Corbacho | 431 Diversity and distribution of the genus Platypeltoides (Nileidae) in Morocco[END_REF] described four species of 124 Platypeltoides from Morocco. The differences between these species are based on genal spine 125 morphologies, the position of the eyes and the presence/absence of an anterior border 126 [START_REF] Corbacho | 431 Diversity and distribution of the genus Platypeltoides (Nileidae) in Morocco[END_REF]. There are several issues with the definition of the new species. First, 127 the morphology of the genal spine changes remarkably during ontogeny [START_REF] Chatterton | Ontogenetic studies of Middle Ordovician trilobites from the 410 Esbataottine Formation, Mackenzie Mountains, Canada[END_REF]128 Chatterton & Speyer, 1997;[START_REF] Park | Post-embryonic development of the Furongian (late Cambrian) 552 trilobite Tsinania canens: implications for life mode and phylogeny[END_REF][START_REF] Laibl | 498 The ontogeny of Ellipsocephalus (Trilobita) and systematic position of 499 Ellipsocephalidae[END_REF] and differences in the 129 position of eyes can be an effect of taphonomic compression (see [START_REF] Hughes | Computer-aided restoration of a late Cambrian 476 ceratopygid trilobite from Wales, and its phylogenetic implications[END_REF] 130 for detailed explanation 1). Four of these taxa are also found in the more proximal site of 142 Tamegroute. Platypeltoides magrebiensis is the only taxon that is found across the proximal- 4a-d). In Bou Izargane, coarse 177 siltstone event deposits are abundant (Fig. 4e). Event deposits have an erosive base and show 178 occasionally HCS (Fig. 4e). In Ouled Slimane, event deposits are rare and consist of quartz 179 silts that are finer than in Bou Izargane (generally < 40 µm) (Fig. 4a). When they occur, they 180 do not exceed 1 cm in thickness and lack HCS (Fig. 4a). Bioturbation occurs in all cores but it 181 shows variations in both depth and intensity. Some intervals are only lightly bioturbated with 182 a bioturbation depth of around 1 mm, while others are highly bioturbated with a bioturbation 183 depth of few centimeters (Fig. 4f). Intensity of bioturbation varies from light (less than 10% 184 of sedimentary rocks showing evidence of biological activity) to moderate (between 10 and 185 30% of sedimentary rocks showing evidence of biological activity), high (between 30 and 186 70% of sedimentary rocks affected by biological activity), and extreme (over 70% of 187 sedimentary rocks reworked by biological activity). The used scale for the studied cores is 188 simplified after the bioturbation index in [START_REF] Taylor | Description and analysis of bioturbation and 593 ichnofabric[END_REF]. However, there is no 189 direct correlation between bioturbation depth and intensity. Some intervals can be extremely 190 bioturbated with a bioturbation depth that does not exceed few millimeters (Fig. 4c).

191 Generally, sediments from Ouled Slimane are more extensively bioturbated than in Bou 198 sediments [START_REF] Nichols | Sedimentology and stratigraphy[END_REF]. In the Fezouata Shale, coarse grains are found towards the south 199 east, closer to the source, when compared to finer sediments that are mainly deposited in the 200 basin [START_REF] Vaucher | A genetic link between 623 Konzentrat-and Konservat-Lagerstätten in the Fezouata Shale (Lower Ordovician, 624 Morocco)[END_REF][START_REF] Vaucher | A wave-626 dominated, tide-modulated model for the Lower Ordovician of the Anti-Atlas, Morocco[END_REF]. Furthermore, the abundance of storm events is indicative 201 of the energy of the depositional environment [START_REF] Nichols | Sedimentology and stratigraphy[END_REF][START_REF] Perillo | A new phase diagram for combined-flow 561 bedforms[END_REF]. Stacked 202 storm events designate a shallow unstable environment that is constantly agitated by waves 203 [START_REF] Nichols | Sedimentology and stratigraphy[END_REF]. In these agitated settings, waves generate orbitals in the water column that 204 decrease in size with depth leaving oscillation traces such as HCS on the sea floor (Vaucher et 205 al., 2016(Vaucher et 205 al., , 2017)). The deeper the water column is, the smaller these HCS are. 

  in addition to those between Bou Izargane and Tamegroute are statistically 168 significantly different (t-test, p-value = 0.0012, p-value = 3.5•10 -6 respectively). 169 <insert figure 2> 170 Trilobites from Ouled Slimane are preserved in silicified, quartz-rich concretions. Some are 171 disarticulated and other are complete (Fig. 3a-e). Trilobites from the two other localities are 172 preserved in shales (Fig. 3f-h). 173 <insert figure 3> 174 4.b. Sedimentological context 175 The background sediments of both cores from Bou Izargane and Tamegroute in the Fezouata 176 Shale consist of very fine siltstones to claystones (Fig.

  terms of both traces intensity and depth (Fig.4f). In Bou Izargane, bioturbation is 193 generally less than 1 cm in depth (Fig.4f)settings, grain sizes are indicative of the distance from the source traveled by

Figure 1 .

 1 Figure 1. (Colour online) General geographical context of the Fezouata Shale. (a) Stratigraphic sequence of the Fezouata Shale with the studied interval. (b) Location of Morocco in the Early Ordovician near the South Pole (modified from Vaucher et al., 2017). (c) Deepening trend in the Fezouata Shale from the SE to the NW (modified from Vaucher et al., 2017), with the study localities Ouled Slimane, Bou Izargane, and Tamegroute indicated. (d) Proximal to distal relative position of the three localities studied here: Ouled Slimane, Bou Izargane, and Tamegroute.
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 234 Figure 2. (Colour online) Trilobite size fluctuations in the Fezouata Shale. (a) General body size patterns, all taxa included, in Ouled Slimane, Bou Izargane, and Tamegroute. (b) Differences in the pygidial sagittal length of Platypeltoides magrebiensis between localities.
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Table 1 .

 1 Thus, the 206 presence in the Fezouata Shale of very fine siltstones to claystones with a scarce presence of 207 storm events and an absence of HCS, all indicate that the sedimentary succession at Ouled 208 Slimane was deposited relatively far from the source, in a stable environment that was rarely 209 agitated by storm waves. In the Fezouata Shale, Ouled Slimane is the most distal locality. Trilobite diversity, abundances and sizes in the studied localities from the Lower 674Ordovician of the Fezouata Shale.

	210 Despite being distal in position, an abundant bioturbation (i.e. light, high, and extreme) with
	211 variable depth (from a few millimeters to 4 cm) and a high diversity of trace fossils are
	212 observed in the sedimentary succession in Ouled Slimane. This validates that this
	213 environment was colonized by benthic organisms and shows that little to no chemical stress
	214 (i.e. related to nutrients and oxygen availability) occurred in the bottom of the water column
	215 but also, at least, in surface sediments.

Table 1 .

 1 Raw trilobites measurements in the studied localities.
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Table 2 .

 2 Summary statistics on trilobite sizes from the Tamgroute, Bou Izargane and Ouled Slimane.

			Normality test		
	Tamegroute		Bou Izargane		Ouled Slimane	
	N	15	N	14	N	31
	Shapiro-Wilk W	0,9424 Shapiro-Wilk W	0,9175 Shapiro-Wilk W	0,9879
	p(normal)	0,4138 p(normal)	0,2021 p(normal)	0,9732
	Anderson-Darling	0,3422 Anderson-Darling	0,5364 Anderson-Darling	0,09692
	A		A		A	
	p(normal)	0,4423 p(normal)	0,1385 p(normal)	0,9963
	p(Monte Carlo)	0,4561 p(Monte Carlo)	0,1391 p(Monte Carlo)	0,9997
	Jarque-Bera JB	0,9986 Jarque-Bera JB	1,18	Jarque-Bera JB	0,5749
	p(normal)	0,6069 p(normal)	0,5545 p(normal)	0,7502
	p(Monte Carlo)	0,361 p(Monte Carlo)	0,2449 p(Monte Carlo)	0,6932

Table 3 .

 3 Normality tests for the studied sites showing that size distributions are normal.

	F o r
	P e e
	r
	R
	e v i e w
	4

Table 5 .

 5 Raw pygidial sagittal length in the studied localities.

		Summary statistics
	Tamegroute	Bou Izargane	Ouled Slimane
	N	5 N		5 N	9
	Min	0,8855 Min		2,2638 Min	5,7
	Max	1,6709 Max		4,3428 Max	7,1
	Sum	6,49056 Sum		16,5935 Sum	57
	Mean	1,298112 Mean		3,3187 Mean	6,333333
	Std. error	0,158821 Std. error	0,3823575 Std. error	0,186339
	Variance	0,1261206 Variance	0,7309864 Variance	0,3125
	Stand. dev	0,3551346 Stand. dev	0,8549774 Stand. dev	0,559017
	Median	1,32386 Median	3,5112 Median	6,2
	25 prcntil	0,9394 25 prcntil	2,45245 25 prcntil	5,8
	75 prcntil	1,64395 75 prcntil	4,0887 75 prcntil	6,95
	Skewness	-0,133172 Skewness	-0,1776892 Skewness	0,2802879
	Kurtosis	-2,713525 Kurtosis	-1,867874 Kurtosis	-1,78304
	Geom. mean	1,257634 Geom. mean	3,226366 Geom. mean	6,311613
	Coeff. var	27,35778 Coeff. var	25,76242 Coeff. var	8,826584

Table 6 .

 6 Summary statistics on pygidial length in Tamegroute, Bou Izargane, and Ouled Slimane.

			Normality test			
	Tamegroute		Bou Izargane		Ouled Slimane	
	N	5 N	5 N	9
		0,896		0,953		0,889
	Shapiro-Wilk W	6 Shapiro-Wilk W	6 Shapiro-Wilk W	7
		0,391		0,763		0,198
	p(normal)	3 p(normal)	2 p(normal)	2
	Anderson-	0,297	Anderson-	0,209	Anderson-	0,400
	Darling A	9	Darling A	6	Darling A	6
		0,426		0,711		0,283
	p(normal)	8 p(normal)	9 p(normal)	6
		0,490		0,807		0,301
	p(Monte Carlo)	1 p(Monte Carlo)	5 p(Monte Carlo)	2
		0,593		0,460		
	Jarque-Bera JB	5 Jarque-Bera JB	2 Jarque-Bera JB	0,965
		0,743		0,794		0,617
	p(normal)	2 p(normal)	5 p(normal)	2
		0,394		0,602		0,244
	p(Monte Carlo)	7 p(Monte Carlo)	3 p(Monte Carlo)	4

Table 7 .

 7 Normality test on pygidial lengths showing normal distributions.

			Significant differences			
	Tamegroute vs Bou Izargane	Bou Izargane vs Ouled slimane
			p (same	0,001		p (same	3,58E
	t :	-4,8803	mean):	2239 t :	-8,0391	mean):	-06
			p (same	0,003		p (same	0,000
	Uneq. var. t :	-4,8803	mean):	8096 Uneq. var. t :	-7,0875	mean):	4085
	Monte Carlo	p (same		Monte Carlo	p (same		
	permutation:	mean):	0,0076	permutation:	mean):	0,0005	
	Exact	p (same	0,00396	Exact	p (same	0,00049	
	permutation:	mean):	83	permutation:	mean):	95	

Table 8 .

 8 t-test showing significant differences in pygidial lengths between sites.