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Simple Summary: Marine beach species have undergone changes in their populations over time 16
mainly due to global climatic changes. Here we studied changes in a population of marine worm 17
tube dwellers known as Diopatra in the southern Brazilian coast over 50 years. A noticeable reduc- 18
tion of their abundance lead to an almost local extinction of four species, followed by a small recov- 19
ery of a unique species common in northern warmer waters. This reduction seems to be due to an 20
increase in water temperature in recent years: (1) several days of warm waters (“heatwaves”) in 21
1997/1998 and (2) a continuous increase in water temperature of around 1 oC in the last 50 years. 22
Furthermore, a non-native species of Diopatra, originating from abroad, arrived recently and, ac- 23
cording to their environmental conditions, it is likely to disperse throughout the Brazilian coast in 24
the same habitats where the native species occur. This triggers a warning sign about the possible 25
combination of global warming and other human mediated impact, such as species introduction 26
and fishing bait harvesting, on the biodiversity of Brazilian sandy beaches. 27

Abstract: Patches of Diopatra species from Brazilian sandy beaches were followed for ca. 50 years. 28
Data were accessed from papers, gray literature, images and collections to verify time changes in 29
the South Brazilian Bight (SBB) from 1974-2021. We modeled maximum density over time at 15 30
beaches, observing very high densities (> 100 ind.m-2) in 1974 followed by a decrease (~ 10 ind.m-2) 31
of three species of Diopatra until 1995 and a strong decline (1996-2002) when populations were al- 32
most regionally extinct (0-1 ind. m-2). A slight recovery (3-4 ind.m-2) occurred after 2006 for a single 33
species, D. marinae, associated with warmer northern waters, suggesting a range shift. This pattern 34
was associated with a) heatwaves linked to an El-Niño event (1988) and gradual SST surface warm- 35
ing of ca. 1 oC since 1974. The usage of Diopatra spp. as fishing bait could also be associated with 36
such a reduction. After 2016, D. neapolitana, a likely alien species, was established in the SBB in high 37
densities. Projections based on Species Distribution Modeling (SDM) suggest a potential of invasion 38
in the same range of the known species of D. cuprea complex along the Brazilian coast despite that 39
there are no signs of competition between both species.   40

41Keywords: South Brazilian Bight, biogeography, heatwaves, global warming, range-shifts, alien 
species 42
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1.1. A brief history of Diopatra on the Brazilian Coast 45

Species of the genus Diopatra are easily noticeable, not only to trained marine biolo- 46
gists, but also to any person wandering sandy beaches during low tide. Of course, this is 47
not different in the South Atlantic coast, especially the long Brazilian coast (about 7,500 48
km). However, the first scientific records of these worms were of new species dating from 49
the 19th century, when four species of the genus were originally described from Brazil: D. 50
brasiliensis Kinberg, 1865, D. longicornis Kinberg, 1865, D. agave Grube, 1869 and D. varie- 51
gata Hansen, 1882. In addition to these, seven other species were reported from Brazil: D. 52
cuprea (Bosc, 1802), D. chiliensis Quatrefages, 1865, D. splendidissima Kinberg, 1865, D. vi- 53
ridis Kinberg, 1865, D. spiribranchis Augener, 1906, D. ornata Moore, 1911 and D. tridentata 54
Hartman, 1944. 55

Of the species with type locality in Brazil, D. agave and D. longicornis are known only 56
from the original description. According to Hartman [1], D. agave was described from a 57
fragment, and it is almost impossible to compare it with other species. The same applies 58
to D. longicornis. Diopatra variegata is also known only from the original description and, 59
according to Hartman [1], this and D. spiribranchis are junior synonyms of D. cuprea. No- 60
nato & Luna [2] argued for the validity of D. spiribranchis, as a possible subspecies of D. 61
cuprea (peculiar to the Caribbean region), noting differences in the tube structure, in the 62
length of the antennae and palps, and in the arrangement of the sensory buttons. Diopatra 63
brasiliensis (type locality: Rio de Janeiro) was only reported later by Rullier & Amoureux 64
[3] for the northeastern (Sergipe and Bahia) and southern coast (Rio Grande do Sul). It is 65 
a species close to D. tridentata, frequently reported in Brazil, suggesting the possibility of 66
being the same species. 67

Diopatra ornata was sometimes reported for Brazil, as well as D. splendidissima, while 68
D. chiliensis is of doubtful occurrence for the Atlantic coast, being recorded only by 69 
Luederwaldt [4] in a faunistic list of species that occurred on São Sebastião Island (-23.761; 70
-45.4121), São Paulo State. Of all the referred species, D. cuprea is the most mentioned in 71 
ecological and taxonomic studies. Some of them have been identified at a specific level, 72
but with uncertainty. Lana [5], like Orensanz [6], opted to designate previous records of 73
D. cuprea populations from southeastern Brazil to Argentina as D. viridis, rather than D. 74 
cuprea, until a complete revision of the genus was done. Paiva [7] analyzing specimens of 75
Diopatra collected at different depths on the inner shelf of the north coast of São Paulo 76
state, suggested the possible presence of different species or subspecies, also pointing out 77
the possibility of being D. cuprea and D. viridis. Both species belong to the D. cuprea com- 78
plex. 79

Diopatra cuprea was originally described from Charleston, South Carolina, United 80
States. Currently, there is no type material available. It has been widely recorded in the 81
Atlantic, Pacific and Indian Oceans: from New England (or Massachusetts) to Florida, the 82
Gulf of Mexico, the West Indies, Panama, Venezuela, along the coast of Brazil, both sides 83
of the African continent (Ghana, Angola, South Africa, Mozambique), and the tropical 84
Indian Ocean, from the intertidal region to 82-m depth. Among all the species reported 85
and considered valid only five were from intertidal areas: D. cuprea, D. ornata, D. splendid- 86
issima, D. spiribranchis and D. viridis. But, for a long time, D. cuprea was considered the 87
most prevalent and dominant species in SWA (especially in South Brazilian Bight) being 88
observed, reported and collected by several generations of marine biologists, despite the 89
possibility of a cryptic D. viridis in more southern sectors (see above). In the late 1970s and 90
1980s there were records of patches with high densities of ~ 20-130 ind.m2, mainly on fine 91
sand beaches [8,9] and image records from 1974.  92

In the mid-1980s and 1990s, intertidal specimens started to decrease drastically with 93
densities reduced to less than 1 ind.m-2 and practically disappearing on the exact same 94
beaches where they dominated the coasts of São Paulo, Paraná and Santa Catarina States, 95
but with patches found on the northeastern (Rio Grande do Norte State), eastern (Espírito 96
Santo State) and southern coasts of Brazil (Rio Grande do Sul State) [10, unpublished MSc 97
thesis]. Such disappearance was noticed and the species D. cuprea, was included in the 98
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Red List of Threatened Species from Brazil [11]. Garcia [10] has noted, using allozyme 99
data, that at least two species could be found on beaches, corroborating previous works 100
[5,6]. Nevertheless, 10 years later, Steiner [12, unplubished thesis] carried out a detailed 101
morphological analysis with material from intertidal and subtidal habitats, reporting nine 102
species of Diopatra: the already known D. aciculata Knox & Cameron, 1971, D. dexiognatha 103
Paxton & Bailey-Brock, 1986, D. tridentata Hartman, 1944 and D. ornata Moore, 1911 and 104
five new species. Part of the data from this thesis was afterwards published with the aid 105
of molecular markers reporting four new beach species, namely D. marinae, D. victoriae, D. 106
hannelorae and D. pectiniconicum, in the South Brazilian Bight (SBB) with a complex pattern 107
with boundaries between 22 and 28°S (a well-known biogeographic boundary for several 108
marine species, especially coastal ones) [13]. Thus, the number of valid species re-in- 109
creased from seven to 14 and in the beach/intertidal zone, from six to nine. Although all 110
species belong to the D. cuprea complex, surprisingly there were no specimens of D. cuprea 111
in both analyses (morphological and molecular) suggesting that D. cuprea is a typical case 112
of species complex whose named references were inflated by the fact of being the genus 113
type, a pattern well known for marine invertebrates [14]. Another result of this survey is 114
that the almost extinct intertidal specimens were back again, but with very low densities 115
reaching, on some beaches, up to 0.25 ind.m-2 (Figure 1). This decrease and partial recov- 116
ery of patches of Diopatra spp. led us to determine which species overcome such long- 117
term shifts in abundance, as well as possible causes for this pattern. Therefore, we studied 118
material found in collections and museums of specimens from 1970-1990 to compare with 119
more recently reported specimens. 120

121

(a) (b) 

122

Figure 1. Patches of Diopatra spp. in the region of Ubatuba (São Paulo State) over time: (a) High 123
density (1974, Praia Grande, Anchieta Island, Ubatuba) and; (b) low density (2021, Ubatumirim 124
beach, Ubatuba). 125

Out of the D. cuprea complex, in 1998 a newcomer, D. neapolitana, originally described 126
from the Mediterranean Sea, was reported for the first time in southeastern Brazil, on in- 127
tertidal areas of beaches from São Sebastião Island (Ilhabela city, São Paulo State). How- 128
ever, the establishment of large and dense tube banks was only reported after 2016 on the 129
southeastern Brazilian coast [15], the species identification was confirmed both by mor- 130
phological and molecular analysis in a comparison with sequences from the type-locality 131
[13,15]. 132

 The potential for invasion of D. neapolitana has already been observed in the Pacific 133
and Eastern Atlantic and recent reports for Brazil have raised the alarm for the potential 134
invasion of other regions along the Brazilian coast. Diopatra neapolitana, well known 135
throughout Mediterranean and French/Spanish Atlantic coasts, is generally considered a 136
sister taxa of D. aciculata (Knox & Lowry, 1971) [16]. Despite the high morphological 137
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similarities of both species, Paxton [17] maintained both species as valid. Recently, an in- 138
tegrative taxonomic study found some evidence to delimit both species but the authors 139
argue that species are on the gray zone of speciation due to the difficulty of finding con- 140
clusive molecular and morphological differences [18]. Thus, in this paper we considered 141
them as a single ecological unit in order to model their distribution and invasion potential 142
on the Brazilian coast.  143

1.2. Diopatra as an economic resource 144

Although the use of Diopatra spp as bait is reported for many areas around the world 145
[19,20,21], few publications have been done in South America, and as pointed out by Cole 146
[22], researchers from South American countries report no evidence that polychaetes are 147
commonly used as bait. Only two references were found in small regions of the southern 148
coast of Brazil: in RS State where the fish were captured by sportfishermen using hook- 149
and-line of different sizes and employing different bait including Diopatra spp and some 150
species of mollusks and crustaceans (Lewis & Fontoura 2004) and in SC State where the 151
authors report that the replacement of hook-and-line by nets resulted in the loss of im- 152
portance of Diopatra as bait [23]. Nevertheless, there is no quantitative data about the 153
amount of specimens collected or the impact on local populational biology of Diopatra in 154
the Brazilian Coast. 155

Considering the complex pattern of distribution of the Diopatra cuprea complex and 156
the newcomer, D. neapolitana, herein we evaluate: (1) temporal density shifts of Diopatra 157
sp. (group cuprea) in SBB sandy beaches over the past 41 years; (2) which species of Di- 158
opatra were responsible for such shifts; i.e., is the same species recovering or has this spe- 159
cies been replaced over time? (3) the invasive potential of an exotic species, D. neapolitana, 160
recently found in the Brazilian coast through species distribution modeling. 161

162

2. Materials and Methods 163

2.1. Density estimation in Diopatra spp. (complex cuprea) 164

Population densities were obtained from publications, grey literature, photographic 165
records, and personal/expert observations. Even though Diopatra spp. from D. cuprea com- 166
plex were distributed throughout the Brazilian coast from the extreme south (32°S) [13] to 167
the northern Amazonian coast (1°S) [24], populational information was restricted to the 168
Southeastern Brazilian Bight (SBB, Figure 1). SBB is an area of biogeographical concern 169
because it is a transitional zone where several closely-related intertidal polychaete species 170
have distribution overlap, including Diopatra [25,13]. 171

Density data from beaches of SBB, especially in São Paulo State, were estimated or 172
measured whenever past and present density records were available. Four beaches in this 173
region were sampled more than once over 20-40 years. Nevertheless, data were grouped 174
by localities (Figure 2, Table S1), sometimes with estimates from different beaches since 175
information of maximum density shifts over time did not vary within localities. 176
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177

Figure 2. Brazilian Coast and Southern Brazilian Bight with localities from where 178
density estimations were obtained. 179

180
As the size of Diopatra patches depends on the sediment type and beach conditions 181

(tidal range, slope, etc.) population densities were estimated only for the main area of 182
occurrence on the intertidal region. Two measurements were obtained, mean density in 183
the occurrence area and maximum density, both per square meter. Maximum densities 184
were measured on a square meter scale and not extrapolated from lower measured scales, 185
since many patches were smaller than 1 m-2. Since there is a dependence in time-series 186
data, we fitted a local polynomial regression with the best span parameter selected by a 187
Generalized Cross-Validation using the “fANCOVA” package [26]. 188

2.2. Surface Sea-Water Temperature (SST)  189

Historical data of Surface Sea-Water Temperature (SST) were obtained from NOAA 190
(NOAA NCDC ERSST version5) [27] through R package “rerddap”[28]. From this data 191
we extracted mean annual temperatures, mean of the warmest and coldest months and 192
thermal anomalies from 1970 to 2021 along the Brazilian coast. Intensity of El Niño events 193
were accessed through the Multivariate and El Niño/Southern Oscillation (ENSO) Index 194
(MEI v.2), obtained from the NOAA Physical Sciences Laboratory [29]. 195

2.3. Species Distribution Modeling (SDM) 196

Regarding the taxonomic status of D. neapolitana and D. aciculata, there is strong evi- 197
dence that both species are distinct based on both morphological and molecular data 198
[18,13]. Thus, we decided to combine worldwide distribution of both species in order to 199
obtain their occurrences for modeling. Data from a total of 593 occurrences obtained from 200
GBIF and two more references from our collected material of Rio de Janeiro State. Data 201
were filtered, leaving only data with lat/long and thinned to a 5-km distance to avoid 202
oversampling in close areas. Thus, the remaining 290 occurrences were used for modeling. 203
Environmental data were obtained through “sdmpredictors” package (Bosch & 204
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Fernandez, 2021) from Bio-Oracle [31], for marine data, and WorldClim [32] for terrestrial 205
data of 5 arcmin. 206

Modeling was performed using biomod2 package [33] using 70% of the data for cal- 207
ibration and 30% for evaluation, in four runs. Since we have only presence data, pseudo- 208
absences (=background) data was generated 10 times. The number of pseudo-absences 209
(PAs) are like the number of presence data as suggested by [34,35]. Performance of the 210
combination of models, runs and PAs were assessed by True Skill Statistics (TSS) with 211
values higher than 0.7 selected for building an ensemble model. This being the combina- 212
tion of several algorithms: General Linear Model (GLM), General Additive Model (GAM), 213
Boosted Regression Trees (GBM), Random Forest (RF), Multiple Adaptative Regression 214
Splines (MARS), Flexible Discriminant Analysis (FDA) and Maximum Entropy (MaxEnt). 215
Despite the worldwide modeling, forecast of habitat suitability was projected only for the 216
area of interest, the Brazilian coast. 217

218

3. Results 219

3.1. Diopatra spp. fall and rise over time 220

A total of 28 density estimates were obtained from 15 beaches over 37 years (1974- 221
2021) in the Southeastern Brazilian Coast (22-28°S), four of which were sampled more than 222
once in this period. Since maximum density was strongly correlated with mean density 223
(r=0.88) analysis were performed only for the former. Densities were very high (>100 224
ind.m-2) in 1974 followed by a decrease (~10 ind.m-2) until 1995. After that, there was a 225
sharp decline (1996-2002) when populations were almost regionally extinct (0-1 ind.m-2) 226
and the species (named as D. cuprea) was included in the Red List of Threatened Species 227
of Brazil [11]. However, this reduction was followed by a slight recovery (2008-2021) with 228
maximum patches of 3-4 ind.m-2. The local polynomial regression (LOESS) model fitted to 229
the data showed that there were strong long-term population changes (Figure 3). 230

231

232
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Figure 3. Density variation of Diopatra cuprea complex species over time (1974-2021) from beaches 233
of the South Brazilian Bight (22-28oS). Species not identified or reported as Diopatra cuprea are plot- 234
ted as nonidentified (green). 235

Data from older surveys (1970-1990) are mainly based on images or density estimates 236
in the field, referring mainly to D. cuprea or only to the generic level and with rare vouch- 237
ers. Thus, we are not sure to be working with the same species, considering the taxonomic 238
knowledge update for the region that does not consider D. cuprea as an inhabitant of the 239
Brazilian coast. Nevertheless, we were able to retrieve some vouchers from the same 240
beaches and surveys in museum collections and identified them at specific level. Accord- 241
ing to this analysis, the oldest samples (1988) from Lázaro Beach (Ubatuba) -higher den- 242
sities=10 ind.m-2 - were identified as D. hannelorae Steiner & Amaral, 2021. In the period of 243
lowest densities, (1996-2002) the rare specimens found were D. hannelorae and D victoriae. 244
Those found on the recent slight recovery (2010-2021) from the beaches of Santos, Guarujá 245
and Ubatuba were identified only as D. marinae Steiner & Amaral, 2021. A collection 246
voucher from Santos in 1958, not included in the plot since there is no quantitative density 247
information, was also an individual of D. hannelorae. Nevertheless, anecdotal information 248
obtained from older observations indicated that high-density patches were common in 249
the region. 250

Thus, it seems what was considered the sign of populational recovery of a threatened 251
species was due to species replacement, at least in this region. The surveyed region (SE 252
Brazil) is the one where more species of Diopatra were found [13] The distribution range 253
of the species, showing an overlap of at least four species in the South Brazilian Bight, 254
does not mean that they are still sympatric in their distribution since they were sampled 255
at different periods, except for those collected recently (all reported as D. marinae). 256

The observed pattern of strong decline (~1996-2002) and recovery (after 2010) of Di- 257
opatra seems to be associated with the variation in surface sea-water temperature (SST) in 258
the region reflected in temperature anomalies (Figure 4 and Figure 5). 259

260

261

262

Figure 4. SST (Sea-Surface Temperature) variation over time (1970 – 2020) on the Brazilian Coast. 263 
South Brazilian Bight is shown below shaded line. 264 
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265

Figure 5. Temperature anomaly variation in time (1970 – 2020) and Multivariate Enso Index 1979- 266
2022) along the Brazilian coast. South Brazilian Bight is shown between shaded lines. MEI values in 267
red indicated El Niño events, and blue values, La Niña. 268

 The disappearance of the endemic D. victoriae as well as of the colder/southern D. 269
hannelorae in the same region, could be due to the ca. 1 °C mean monthly increase in the 270
last 50 years, suggesting a warm limit of more than 27 °C. In fact, in the SBB (ca. 12-22°S) 271
where the species is rare, mean temperature of warmer months (MTWM), higher than 28 272
°C, occurred only after 2000 (Figure 4 and Figure S1) 273

The mean annual temperature increased in the SBB from 22 °C to 23 °C before 2000 274
(23 °C in 1970) to 23 to 24 °C after 2000 (24 °C in 2021) (Figure 4). The SBB warming, 275
especially after 2000, gave rise to peaks of temperature anomalies (monthly mean) of ca. 276
1.8 °C in contrast to ca. 1 °C before (Figure 5) with a significant (p < 0.005) increase in mean 277
anomaly of 0.53 °C between 1970-2000 and 2000-2021 intervals. Thus, southward seawater 278
warming in recent years would allow D. marinae, typical from northern warmer waters 279
(Figures S1, S2) and with a southern limit in SBB, to expand its range to be the dominant 280
intertidal species in more recent years, even though still in lower densities. 281

3.2. The newcomer D. neapolitana 282

Despite the restricted area of occurrence of D. neapolitana (=D. aciculata) on the South- 283
eastern Brazilian coast, its higher densities in some beaches (Araça Bay, São Sebastião, São 284
Paulo State), Engenhoca Beach (Governador Island, Rio de Janeiro State) and Japonês Is- 285
land (Cabo Frio, Rio de Janeiro State) with around 20 ind.m-2 (Figure 6) in the same region 286
where D. cuprea complex once dominated triggered the alarm for its potential invasion on 287
the Brazilian coast. 288

289
290
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291
292

Figure 6. Tubes of Diopatra neapolitana in Engenhoca Beach (Governador Island, Rio de Janeiro State, 293
2017). 294

Since intertidal animal distribution and tolerance depends on both water- and air 295
conditions, we modeled the suitability of D. neapolitana (=D. aciculata) habitat for both ma- 296
rine and terrestrial environmental drivers. After removing collinear and correlated fac- 297
tors, we modeled with just four drivers: sea-surface temperature range, mean salinity and 298
maximum air-temperature and precipitation of the wettest month. TSS values (threshold 299
of 0.7), all algorithms (GLM, GAM, GBM, MARS, RF, FDA and Maxent) were included for 300
at least one run and PA. The final ensemble model with the four environmental variables, 301
salinity, maximum air temperature (MAT), precipitation of the wettest month (PWM) and 302
range of surface sea-water temperature (rSST) were very informative, with high evalua- 303
tions (TSS = 0.941, Figure S3). Importance of each variable was rather different among 304
them with salinity being the most important (median >0.75) while all others with lower 305
medians (<0.20) but with some higher values for specific models and runs (Figure S4). 306

Ensemble results projecting the habitat suitability of the species are shown in Figure 307
7. While the current distribution, which is in the short latitudinal range of 22.8 to 27.7oS, 308 
the habitat suitability for the establishment of the species is much higher, ranging from 9 309
to almost 30oS. This suggests that, in relation to current conditions mainly of salinity and 310
temperature (air and water), the species could increase its distribution, especially north- 311
ward, wherever sandy beaches and tidal flats occur. The range is the same of intertidal 312
species of D. cuprea complex, except for the Amazon River mouth (around 0-1 oS) where 313
patches of D. cuprea were reported [24], but it seems to be not a suitable habitat for D. 314
neapolitana, mainly due to lower salinity (Figure S3). Likewise, the medium suitability ar- 315

eas within high suitability areas between 10oS and 21oS, for instance are located close to 316

two river mouths (Doce and São Francisco rivers). Despite its worldwide distribution, 317
D. neapolitana presented low tolerance to lower salinities (<21 PSU) in lab experiments [36]. 318 
Our modeling based on actual occurrences, indicated a higher probability in salinities 319
greater than 34 PSU, which in association with lower levels of precipitation (<250mm in 320
the wettest month) suggest a strong limitation to areas of brackish waters. 321

Despite being a tube dweller, and thus not likely to be strongly affected by tempera- 322
ture variation [37], mainly air temperature, a short range between 22 °C and 33 °C was 323
predicted for its distribution. 324
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325

Figure 7. Ensemble model (TSS weighted mean) of current habitat suitability for D. neapolitana/D. 326
aciculata along the Brazilian coast. Current occurrences are shown as blackspots. 327

Thus, besides environmental constraints, D. neapolitana has potential to expand its 328
current distribution to the same geographical range inhabiting the same beaches of the 329
native species of the D. cuprea complex. 330

331

4. Discussion 332

4.1. Diopatra spp. density variation over time in SBB and the role of climatic change 333

Data on thermal requirements of Diopatra species are difficult to obtain since many 334
of them were based on D. cuprea and other species of the genus that seem to belong to 335
species complexes and not a unique evolutionary unit. Thus, observed patterns are gen- 336
erally not species-specific requirements. Experiments performed with D. cuprea from the 337
type locality, in North Carolina (the “real” D. cuprea), showed a wide range of thermal 338
tolerance surviving in warm waters up to 42.5 °C and, for specimens from the Gulf of 339
Mexico, 40.1 °C during summer [21,38]. However, for field data of another species, D. 340
biscayensis from Biscay Bay (western European coast) in similar latitudes and thermal con- 341
ditions, the tolerance limits ranged from 16 °C to 24 °C [39]. In the South Brazilian Bight 342
(SBB), where expansion of D. marinae seems to have occurred, lower monthly-mean SST 343
temperatures varied from 19.5 °C to 27.8 °C (08/2000 and 02/2019 respectively) with a 344
range shift from 19.5 °C to 26.9 °C in the period of 1970-2000 to 20.1 °C to 27.8 °C in 2001- 345
2021, suggesting a thermal lower tolerance of this species around 20 °C. Mean SST of the 346
coldest month being always greater than 20 °C after 2000 in the northern part of the SBB 347
(Figure 4), being a clear sign of warming in the last 20 years. Conversely, the warming of 348
coastal waters after 2000 was likely to be responsible for the retraction of D. hannelorae to 349

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 December 2022                   doi:10.20944/preprints202212.0550.v1

https://doi.org/10.20944/preprints202212.0550.v1


11 of 15 

southern areas, disappearing from the SBB as well as the apparent extinction of D. victo- 350
riae, endemic from this region.  351

Shifts in the range of distribution of the Diopatra species were already recorded for 352
the northeastern Atlantic coast (European beaches) with range shifts of D. biscayensis and 353
D. neapolitana related to an increase in SST (surface sea-water temperatures and anoma- 354 
lies) over time [39,40]. However, this process was related to expansion in the time scale of 355
decades in a gradual process of tropicalization. While, in the SBB, the unusual and acute 356
disappearance of all species, except for D. marinae, from the SSB was before the main grad- 357
ual global warming, more intense in the last decades (2000-2020). Marine heatwaves, i.e. 358
a wave of extreme and prolonged continuous warming for several days or even months 359
[41] are likely to have sudden devastating impact in coastal environments such as coral 360 
bleaching and high mortality/local extinction of marine species [41,42]. Heatwaves were 361
associated with a retreat in the distribution of the lugworm Arenicola marina, a species with 362
similar habitats of Diopatra, forecasting its complete disappearance in Mediterranean in 363
the future [43]. Intense and frequent heatwaves were associated with an El Niño—South- 364
ern Oscillation (ENSO) event in 1997/1998 [42], one of the three most intense ENSO events 365
since MEI started to be measured (Figure 4). This event affected all oceans but, particularly 366
in SWA, the South Brazilian Bight [44]. It could be responsible for the above cited sudden 367
fall of Diopatra species densities in the SBB followed by the maintenance of only a single 368
species, the warmer water associated D. marinae typical from the eastern and northern 369
coasts of Brazil owing to the gradual SST increase after 2000. Diopatra marinae already oc- 370
curred in the SBB in the past. Its maintenance as the single species after 1998 events (heat- 371
waves) and the fact that SST warming is a long-term process that would be causing its 372
spatial expansion, as suggested by molecular analysis in the area [13], made us hypothe- 373
size that it is expanding its distribution, a historical process in course that was enhanced 374
more recently. This SST driven range-shift could indicate a process of tropicalization and 375
deborealization [45] with a warm-water species expansion and cold-water species retreat 376
of the intertidal species from the D. cuprea complex in SBB. Range shifts of marine species, 377
besides appearing to be less “dangerous” at first sight than the impact of introduced spe- 378
cies, are likely to affect biological systems at the community level with similar magnitude 379
as those from introduced ones [46]. 380

Range shifts of intertidal species distribution seem to be a complex process, with a 381
combination of gradual long-term changes punctuated by shifts caused by extreme events 382
such as heatwaves [47]. Furthermore, other human impacts, like collecting specimens for 383
fishing bait, are likely to affect population density and do interact with climate change, 384
especially in areas in the range limit of the species. Nevertheless, as quantitative data 385
about the amount of worms harvested and the impact of such activities on population 386
resilience are not yet available, we cannot assess the actual impact of such activities on the 387
fall and rise of D. cuprea complex in the region. 388

389

4.2. What about the newcomer? 390

There is still some uncertainty about the worldwide distribution of D. neapolitana 391
[18,21] considering a more restricted Mediterranean, Atlantic Iberian and French coast 392
distribution with all other occurrences (e.g. Southeastern Atlantic, Pacific and Indian 393
Oceans) as being from related similar species [48]. But, recent surveys validated some of 394
this doubtful records that show a wider distribution to the species [15,49]. Data on genetic 395
distance indicate that the species in the Brazilian Coast is the same evolutionary unit than 396
those from Mediterranean Sea [13] and western European coast [15]. Likewise, reproduc- 397
tive patterns, with a typical sequential protandric hermaphroditism [15,48], were also sim- 398
ilar in populations from both sides of the Atlantic, despite some subtle morphological dif- 399
ferences that could indicate populational variation. 400

Thus, it seems that D. neapolitana is an alien species that spreads out owing to a wide 401
range of environmental conditions. Furthermore, the species shows some plasticity 402
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regarding its reproductive cycle, with a single annual spawning in temperate regions and 403
a continuous cycle in tropical ones [50], with reproductive plasticity being a precondition 404
for the success of marine invasive species providing competitive advantages over native 405
species [51]. 406

Diopatra neapolitana and D. marinae are sympatric in southern Brazil they are seldom 407
syntopic (coexisting in only one or two beaches), probably because D. neapolitana appears 408
to occupy lower-energy, muddier habitats than D. cuprea [21]. Thus, negative interactions be- 409
tween them seem not to be an issue, and competition for resources in soft sediments, mainly 410
intertidal tube dwellers, is not common [52]. Nevertheless, projections of habitat suitability 411
for D. neapolitana are rather similar, except for the estuarine and brackish waters in the 412
eastern and northern Brazilian coast. But considering the struggle for survival in sandy 413
beaches with all human-mediated impacts in such an environment (e.g. nourishment, fish- 414
ing bait, trampling, cleaning, [53]) we cannot disregard the new risk for the native species 415
coming from a closer related congeneric species. 416

417

5. Conclusion 418

Despite taxonomic problems regarding correct identification of old records of Di- 419
opatra in the South Brazilian Bight, global warming and heatwaves are likely to be in- 420
volved in the fall and rise of species of Diopatra from the complex cuprea over the last 50 421
years through retraction, extinction, and expansion of ranges of different species of the 422
group. Also, an exotic species, D. neapolitana, just arrived and seems to have a potential 423
for dispersing to the same beaches that native species inhabit. Human impact is also likely 424
to act on populational changes, even though its relative role is still to be evaluated. 425
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