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167 The terms cultivar, strain and variety are commonly used interchangeably in 168 differentiating morphological diversities among algae, particularly in seaweed 169 crops. The term strain may either refer to a wild or cultivated eucheumatoid. The 170 name of a strain can be derived from a name based on farmer's knowledge or a 171 name based on investigator's desired assignment (of a replicate) generally used for 172 experimental studies (see [START_REF] Hayashi | Growth rate and carrageenan analyses in 621 four strains of Kappaphycus alvarezii (Rhodophyta, Gigartinales) farmed in the 622 subtropical waters of São Paulo State, Brazil[END_REF][START_REF] Mendoza | Chemical and 741 gelling profile of ice-ice infected carrageenan from Kappaphycus striatum (Schmitz) 742 Doty "sacol" strain (Solieriaceae, Gigartinales, Rhodophyta)[END_REF][START_REF] Ali | The 443 comparative efficiency of a brown algal-derived biostimulant extract (AMPEP), with 444 and without supplemented PGRs: the induction of direct, axis shoots as applied to 445 the propagation of vegetative seedlings for the successful mass cultivation of three 446 commercial strains of Kappaphycus in Sabah, Malaysia[END_REF] [START_REF] Brickell | International code of nomenclature for cultivated plants, ninth 487 edition[END_REF]. Likewise, as specified 176 in the International Code of Nomenclature for Algae, Fungi, and Plants (Turland et 177 al. 2018), the use of the term variety in this study will pertain to a variation below 178 species level effected by a valid taxonomic description. (Fredericq et al. 193 1999), the highest eucheumatoid diversity is currently reported in the Indo-Pacific 194 [START_REF] Doty | Prodromus ad systematica Eucheumatoideorum: a tribe of 533 commercial seaweeds related to Eucheuma (Solieriaceae, Gigartinales)[END_REF][START_REF] Hurtado | Carrageenans: Sources and extraction methods, 656 molecular structure, bioactive properties and health effects[END_REF]. Members of the eucheumatoids are found growing 195 in a variety of habitats from shallow reefs to depths of over 45 m [START_REF] Doty | Farming the red seaweed, Eucheuma, for carrageenans[END_REF] 306 Spinosum (Figure 2A) is the most widely distributed cultivar of E. denticulatum, 307 whereas, the Cottonii, Tambalang (Figure 2C) and Giant (Figure 2F) is accounted 308 for the three most common K. alvarezii cultivars whilst Sacol (Figure 3A) and 309 Vanguard are the most common for K. striatus. Kappaphycus malesianus has the 310 most restricted distribution, only being reported in Tawi-Tawi with three locally 311 recognized cultivars, Aring-Aring (Figure 3D), Halaw (Figure 3E), Kuku Belleh' 312 (Figure 3F). Nearly all cultivars that have yet to be identified by scientific names 313 are only known from their respective areas, mostly from southern Mindanao. The wide distribution of farmed K. alvarezii and K. striatus in the Philippines is due 316 to the higher demand for their extracts (i.e. kappa-carrageenan as compared with 317 the iota type) and its reputation for greater environmental adaptability (Glenn and 318 Doty 1992;[START_REF] Bindu | The commercial red seaweed Kappaphycus alvarezii-an 454 overview on farming and environment[END_REF]. The widespread use of cultivar names, e.g. 319 Spinosum, Tambalang and Cottonii, is most likely related to the free exchange of 320 seedstocks across the country (see [START_REF] Quiaoit | Seaweed area GIS-based 836 mapping. Production support system for sustainable seaweed farming in the 837 Philippines 2016 report[END_REF] 
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K. alvarezii

Adik-Adik /Adis-Adis (br, gr, rd) refers to a junkie, a drug addict (Bisayan pop culture) 35 b , 37 

  We aim to present the first detailed assessment of the taxonomy, 150 diversity, distribution of eucheumatoid cultivars based on farmers' knowledge, as 151 well as their genetic differentiation and conservation strategies in the Philippines. 152 153 Literature review 154 A systematic review was conducted of peer-reviewed journal articles, local books 155 and unpublished lists that mention local names of eucheumatoid cultivars identified 156 by the Filipino farmers. We determined which species these cultivars belonged to 157 by either consulting the farmers directly or, if previously reported, by assessing the 158 original reporting sources. We determined which species were recognized by each 159 of the sourced authors, local names that were used by other authors to refer to a 160 similar cultivar name, cultivar name etymologies and their distribution in the 161 Philippines. Translation and interpretation of the meanings of the local names were 162 provided by the farmers and expert native speakers. The reported cox2-3 163 intergenic spacer barcodes of eucheumatoids from the Philippines were also 164 gathered from existing literature.

  . In this review, only the term cultivar will refer to the seaweed crops grown 174 and named by the farmers in accord with the definition of the International Code 175 of Nomenclature for Cultivated Plants

179180

  Taxonomy of seaweed cultivars in the Philippines 181 Eucheumatoid seaweeds (tribe Eucheumatoideae, family Solieriaceae, order 182 Gigartinales, division Rhodophyta) represent the majority of farmed species in the 183 Philippines (Doty 1988). The tribe Eucheumatoideae originally contain three genera: 184 Eucheuma, Kappaphycus and Betaphycus (Doty 1988, 1995). Recent phylogenomic 185 reconstruction based on 21 mitochondrial genomes suggests that the three genera 186 form a clade (Li et al. 2018). Recent molecular phylogenetic analyses inferred within 187 the Eucheumatoideae has now led to the addition of three genera, Tacanoosca 188 (Norris 2014), Eucheumatopsis (Nuñez-Resendiz et al. 2019) and Mimica (Santiañez 189 and Wynne 2020), each segregated from Eucheuma sensu lato. 190 191 Although radiation within the tribe has been hypothesised to have occurred in the 192 ancient Tethys Ocean prior to continental shifts some 100 MYA
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  Seaweed cultivar distribution in the Philippines 299 The eucheumatoid species and the corresponding distribution of cultivars in the 300 Philippines are appeared to be random (Figure 5, Table 2). Twenty-six of the 301 named cultivars are recorded in multiple areas throughout the country. Thirty-nine 302 cultivars are exclusive to a single area, particularly in Regions IX and XIII, and 303 BARMM. A highest number of cultivars are recognised within the larger farming 304 areas, including Tawi-Tawi (BARMM, n=30), Zamboanga City and Zamboanga del 305 Sur (Region IX, n=17 and n=12 respectively), and Palawan (Region IV-B, n=11).
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  . Reciprocal transfers of 321 cultivars follow traditional practice of solidarity, as they occur between relatives, 322 friends, or neighbours usually within similar ethnic groups (R.Dumilag, personal 323 observation). Seedstocks are also exchanged after loss of crops (e.g. by typhoons 324 or diseases and pests), during farm expansion, or when testing other cultivars for 325 better yields. Government interventions also play an important role in the supply of 326 seedstocks among farmers in the Philippines(Suyo et al. 2020). Farmers receive 327 seaweed cultivars from the government agencies such the Department of Science 328 and Technology (DOST), Bureau of Fisheries and Aquatic Resources (BFAR), 329 Department of Trade and Industry (DTI) and the respective local government units 330[START_REF] Quiaoit | Seaweed area GIS-based 836 mapping. Production support system for sustainable seaweed farming in the 837 Philippines 2016 report[END_REF]. It is also possible that the same cultivar names have been 331 given to distinct farmed genotypes in different areas and that information based on 332 farmer knowledge underestimate morphological and genetic diversity at the 333 national or regional level (as in case study in yam by[START_REF] Asfaw | Assessing morphological diversity in 450 Ethiopian yams (Dioscorea spp.) and its correspondence with folk taxonomy[END_REF].334 335 Genetic diversity of Philippine seaweed cultivars336 Information on genetic diversity among Philippine seaweed cultivars is still 337 incomplete, with only 25 cultivars sequenced for mitochondrial markers. The most 338 recent analysis based on the cox2-3 spacer revealed that Philippine cultivars include(Roleda et al. 2021a). A survey of mitochondrial cox2-3 spacer 340 sequences revealed between one to three farmed haplotypes per species: E. 341 denticulatum (haplotype 13), K. alvarezii (haplotypes 3, KALV-1 and KALV-2), K.342 malesianus (haplotype MY216), and K. striatus (haplotypes 89 and 117). There is no 343 clear correspondence between mitochondrial haplotypes, morphology and cultivar 344 names. Notwithstanding this apparently high genetic similarity and lack of 345 concordance between haplotypes and phenotypes, the morphological features of the 346 different cultivars still allow their differentiation. The differences also appear to be 347 fairly stable in different environmental conditions, which explains how farmers are 348 able to recognise each cultivars in the field. This observable phenotypic diversity 349 raises the possibility that more informative genetic markers would be able to 350 genetically differentiate between these cultivars (see Thien et al. 2020; Risjani and 351 Abidin 2020). As can also be applied for eucheumatoid cultivars, high throughput 352 sequencing and single nucleotide polymorphisms (SNPs) have been helpful in 353 exploring the neutral and functional genetic diversity among crops: allowing 354 detection of misclassified cultivars, examining reduction of genetic diversity and 355 accumulation of deleterious alleles during selection steps (O'Connor et al. 2019; 356 Diaz-Garcia et al. 2020). 357 358 One of the most common impacts of intensive cultivation is the severe reduction of 359 genetic diversity in crops due to recurrent bottlenecks. The narrowing of the 360 genetic basis begins with selection of a few strains of interest from wild 361 environments and is intensified during the development of elite cultivars through 362 intensive breeding programs. The propagation based on asexual reproduction can crop genetic diversity (McKey et al. 2010; Meyer et al. 2012; 364 Smýkal et al. 2018). In potatoes and yam for example, farming based on asexual 365 reproduction has led to a severe reduction of genetic diversity and an accumulation 366 of deleterious alleles (Ramu et al. 2017; Pandey et al. 2021). Albeit the history of 367 domestication is more recent in seaweeds, typical hallmarks of impact of extensive 368 use of vegetative propagation in farms, are very low levels of clonal variation, life 369 cycle disruption and reduction of fertility as has been detected in the red alga 370 Agarophyton chilense (Guillemin et al. 2008; Usandizaga et al. 2021). The problem 371 could be especially acute in eucheumatoid farms where cultivation from vegetative 372 thalli has led to the wide use of mitochondrially similar haplotypes around the 373 world (Zuccarello et al. 2006). These farmed haplotypes have spread to adjacent 374 areas both in the Philippines and in regions where these cultivars have been 375 introduced (Halling et al. 2013; Tano et al. 2015; Dumilag et al. 2016b). 376 377 High genetic and phenotypic diversity is expected in areas of crop origin (e.g. 378 Hardigan et al. 2017). In the Philippines, a number of natural populations of 379 eucheumatoids are located near the farms and gene flows probably occurs 380 between domesticated and their wild populations (R. V. Dumilag, personal 381 observation). Such condition can help delay the genetic diversity loss during 382 domestication allowing introduction of new alleles at each generation even in 383 highly asexually cultivated crops (Elias et al. 2001). Exchange of cultivars among 384 Filipino farmers could also help to maintain potentially high population sizes, or 385 genetic variants in multiple populations, but only through vegetative propagation.386 Introgression of new alleles in eucheumatoid crops due to natural crosses with nearby natural populations or distinct cultivars introduced from 388 other regions may generate new genotypic combinations and potentially superior 389 cultivars without the burden of performing costly breeding effort(Pautasso et al. 390 2012;[START_REF] Labeyrie | Seed exchange networks, 681 ethnicity, and sorghum diversity[END_REF]. The continuous discovery of new eucheumatoid 391 haplotypes demonstrates that high genetic diversity available in both farms and 392 natural populations is still uncovered in the Philippines(Dumilag et al. 2016a(Dumilag et al. , 393 2016b[START_REF] Dumilag | 570 Phenotypic and mtDNA variation in Philippine Kappaphycus cottonii (Gigartinales, 571 Rhodophyta)[END_REF] Roleda et al. 2021). It is therefore imperative to further explore this 394 untapped diversity and to create seedbanks from sites without cultivation activity.395 These strategies could mitigate the decline of genetic diversity and can provide 396 access to extensive genes variants better adapted to unprecedented challenges of 397 today's seaweed farming system. The high number of cultivars in the Philippines 398 makes the region one of the best sites for the discovery of new cultivars that can 399 be preserved and their economic potential explored in future crop selection and 400 breeding programmes. 401 402 The way forward 403 The extent to which the role of cultivar diversity can potentially contribute to 404 advancing seaweed aquaculture is still largely under researched. Given the need to 405 maintain cultivar diversity as a means of promoting resilience of seaweed crops to 406 disease and pests and the increasing use of carrageenan, particularly in emerging 407 products such as the medical (Pereira and Critchley 2020; Morokutti-Kurz et al. 408 2021) and bioplastics industry (Schmidtchen et al. 2021). New cultivars will likely 409 play a more important role in the future. Future studies on cultivar diversity would 410 benefit from greater integration of ethnophycology (the study of the relationship and people; see Brodie, 2010) on farming, as explicit 412 consideration of how farmers perceive cultivar-level variability and integration of 413 farmer knowledge and their acceptance are essential to produce and utilize new This study was primarily supported by research fund from the United Kingdom 418 Research and Innovation-Global Challenges Research Fund (UKRI-GCRF) 419 'GlobalSeaweedSTAR' Programme GSS/RF/015 (BB/P027806/1) awarded to RVD 420 and MYR. RVD, FDG and HARQ were respectively supported by the Department of 421 Science and Technology (DOST), Philippine Council for Agriculture, Aquatic and 422 Natural Resources Research and Development (PCAARRD) projects: Molecular 423 characterization, selection and production of high quality eucheumatoid cultivars in 424 the Bangsamoro Autonomous Region in Muslim Mindanao, Field Testing of 425 Laboratory-reared Seaweed Cultivars from PSU-MSL Culture Facilities in MIMAROPA 426 Region and Seaweed Area GIS-based Mapping: Production Support System for 427 Sustainable Seaweeds Farming in the Philippines. MYR was supported by the 428 DOST-Balik Scientist Program (BSP) fellowship.
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 45 Percent frequency of seaweed cultivars corresponding to their thallus 1021 colour. 1022 1023 Distribution of seaweed cultivars in the Philippines. Pie chart represents 1024 eucheumatoid species grown by farmers per province grouped by political region in 1025 the Philippines. Numbers indicate provinces shown in Figure 1. Page 44 of 54 URL: http://mc.manuscriptcentral.com/brfs Email: sandra.shumway@uconn.edu Reviews in Fisheries Science F o r P e e r R e v i e w O n l y

  5 b , 6 b , 10 b , 12 b , 17 b , 18 b , 19 b , 21 b , 22 b , 24 b , 25 b , 27 d , 28 b , 32 b , 33 b , 36 b , 37 b , 42 b , 45 b , 46 b , 51 b , 54 b , 57 b , 58 b Milyon-Milyon presence of numerous branches (Tagalog, derived from the English word million) 6 b , 11 b , 12 b , 19 b , 22 b , 27 b ,

  25 f , 28 b , 31 b , 32 b , 33 b , 34 b , 35 b , 36 b , 37 b,f , 53 b , 54 b,h , 58 b,h Gulaman anything jelly (Tagalog) 18 b , 30 b , 31 b

  

  

  

  

  

  . As a 196 consequence of intentional transplantations that have taken place for farming uses, Burikat and K. striatus cultivar Kab-Kab (Figure3C) are each represented 293 by differing cox2-3 haplotypes(Dumilag et al. 2016, see Table2). Other variant 294 identification features are based on a combination of other cultivar names (e.g.

	292 cultivar 295 Tambalang Giant, Tambalang Sacol, Sacol Vanguard) or size differences (e.g.
	296 Tambalang diki means small and Tambalang heya means big).
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Table 1

 1 Non-domesticated eucheumatoid species producing 1 iota-or 2 kappa-carrageenan.

	Taxonomic name
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Table 2 .

 2 

	Local Name (variant)	Etymology (dialect)	cox23 haplotype	Philippine distribution
	E. denticulatum			
	Endong, Spaghetti (br, gr)	worm-like (Sama)	17 a , 27 b , 58 b
	Korea	as the country	37 c	
	Spinosum (br, gr)	spinous morphology	13 d	
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