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Abstract

Context. Interacting galaxies provide unique information on morphological transformation, enhanced star formation, and chemical evolution, and thus contribute to understanding the complex evolution of galaxies.

Aims. We investigated the local interacting system NGC 1313 by analyzing its main physical and kinematical properties to understand how the interaction has influenced the evolutionary state of the galaxy.

Methods. We used multi-slit GMOS-S spectroscopy to study 19 regions across the galaxy, encompassing its main body and the complex southwest region. We derived oxygen abundances using the N2 method and computed their chemical gradient. We derived electron densities using the S[II] ratio, ages from the EW(Hα), and stellar masses of the regions from DR10 Legacy Survey images. We used Hα Fabry-Perot data to analyze the kinematics of the systems and search for signs of past interactions.

Results. The Baldwin–Phillips–Terlevich (BPT) and EWHα versus N[II]/Hα (WHAN) diagnostics confirm photoionization by star formation. The galaxy has a low oxygen abundance (8.0 < 12+log(O/H) < 8.2), with a mainly flat oxygen abundance gradient, suggesting gas mixing processes. Electron densities span ne ∼<  10–142 cm−3. The blue and red Wolf-Rayet bumps detected in two regions corroborate a young population. We find ages ranging from 2.7 Myr to 6.0 Myr. The velocity field shows complex kinematics in the northern region of NGC 1313, characterized by asymmetric line profiles.

Conclusions. NGC 1313 thus provides an ideal laboratory for studying how minor interactions affect star formation, chemical enrichment, and the kinematics of low-mass barred spiral galaxies

Key words: ISM: abundances / HII regions / galaxies: evolution / galaxies: interactions / galaxies: star formation


1. Introduction
Gravitational interactions significantly impact galaxy morphology (Toomre & Toomre 1972; Barnes & Hernquist 1992), star formation rates (Kennicutt 1998; Ellison et al. 2008; Patton et al. 2013, 2020), and chemical content (Kewley et al. 2010; Bresolin et al. 2012; Torres-Flores et al. 2014; Pan et al. 2025). Studying the nature and occurrence of interacting systems is a key element in understanding galaxy formation and evolution. This is supported by the hierarchical scenario of galaxy formation and evolution, in which less massive galaxies merge to form increasingly more massive galaxies (Toomre & Toomre 1972; Papovich et al. 2015). Consequently, studying the interaction between galaxies in local systems provides important information about the processes that were prevalent in a distant Universe, particularly regarding morphology. We classify galaxy pair mergers by mass ratio: > 1:4 for major mergers and ≲1:4 for minor mergers (Kaviraj 2014). Each regime yields distinct evolutionary consequences. Major mergers are violent and destructive, as both progenitors are destroyed and merge to form a galaxy that resembles neither. Conversely, a minor merger results in a galaxy similar to the more massive progenitor.
The chemical distribution is a useful tool for determining whether a galaxy has undergone an interaction, since observations (Kewley et al. 2010) and simulations (Perez et al. 2011; Tapia-Contreras et al. 2025) have shown that a flat chemical gradient represents a mixing of gasses due to gravitational interactions. This can be caused by inflows of pristine gas that dilute the central abundance (Rupke et al. 2010) or by outflows of enriched gas towards the galaxy’s outskirts. However, recent studies show that this gradient can be flat, inverted, or even steeper than before the interaction, depending on the type of merger (Pan et al. 2025). Analyzing the radial chemical distribution in these systems provides unique information about the influence of the interaction on the physical properties of the galaxies involved.
The local system NGC 1313 exhibits a perturbed morphology with asymmetric arms composed of star-forming regions and substructures to the southwest. This motivated us to explore the origin of these strong signs of interaction. This system lacks an obvious companion and does not belong to a galaxy group, which makes it an interesting object of study in the context of galaxy formation and evolution.
NGC 1313 is a nearby barred galaxy of type SB(s)d (z = 0.001568, Ohlson et al. 2024) located at a distance of 4.19 Mpc, as estimated via the top of the red giant branch (TRGB; Sabbi et al. 2018). The central position of NGC 1313 is right ascension (RA) 03:18:16.050s and declination (Dec) −66:29:53.70s in J2000 equatorial coordinates. Due to its moderate stellar mass (∼2.6 × 109 M⊙; Calzetti et al. 2015) and irregular appearance, it is often classified as a Magellanic barred spiral. NGC 1313 appears to be in a transitional stage between dwarf irregulars and typical spiral disks, reminiscent of the Large Magellanic Cloud (LMC) de Vaucouleurs (1963). Despite the lack of a major companion, several clues hint that NGC 1313 may have experienced a minor interaction in the past. Peters et al. (1994) first proposed this scenario when analyzing the distribution of neutral hydrogen and its velocity field. They found that, in addition to the typical emission of a galaxy of this type, an ongoing tidal interaction between NGC 1313 and a satellite galaxy in the southwest of the system resulted in a hydrogen loop. This idea was later revisited by Silva-Villa & Larsen (2012), who used resolved stellar populations and found a burst of star formation in the southwestern region of the galaxy in its star formation history (SFH). However, these authors found no evidence of interactions in other regions of the galaxy, suggesting that the interacting object was a moderate-sized galaxy that did not trigger a global burst of star formation.
Previous studies have also analyzed the chemical distribution in NGC 1313. Using multifiber data, Walsh & Roy (1997) found that this system displays a relatively flat metal distribution. These authors indicated that NGC 1313 is the most massive barred galaxy presenting no gradient distribution. In contrast, Hernandez et al. (2022) used spectroscopic data of five massive young star clusters in this system and found a steeper, negative metallicity gradient for this galaxy and argue that the discrepancy with Walsh & Roy (1997) arises from the different metallicity calibrators used. The metal distribution in this galaxy offers an opportunity to explore scenarios that can explain flat or even inverted metallicity gradients (e.g., Kewley et al. 2010), where galaxy-galaxy interactions appear to play a relevant role in the mixture of enriched and less enriched gasses (e.g., Torres-Flores et al. 2014; Olave-Rojas et al. 2015). For this reason, this work explores the interacting system NGC 1313, where previous studies found a homogeneous distribution of gas-phase oxygen abundance (Walsh & Roy 1997). We focus on the physical properties of 19 sources located across the disk of NGC 1313 and in regions located in the southwest of the galaxy. The southwest region is of particular interest because previous studies found enhanced star formation activity (Silva-Villa & Larsen 2012), which can be triggered by tidal interactions (Peters et al. 1994). This work contributes to our understanding of star formation and chemical distribution in interacting systems.
This paper is organized as follows. In Section 2 we present the spectroscopic data and its reduction. In Section 3 we describe the data analysis, including emission-line measurements, extinction corrections, and estimations of physical properties such as electron density, oxygen abundances, abundance gradients, stellar masses, and ages. We present the results in Section 4. We discuss our results in Section 5 and provide general conclusions in Section 6. Throughout this paper, we propagate uncertainties using the UNCERTAINTIES PYTHON library. This library uses linear error propagation theory, automatically calculating derivatives and analytically propagating them to the results. Consequently, the uncertainty associated with each result depends on the applied mathematical operation and incorporates the propagated uncertainties from all measurements and parameters involved in the governing equation.
2. Data
We observed NGC 1313 with the Gemini Multi-Object Spectrograph (GMOS) at the Gemini South telescope during the second semester of 2019, under program GS-2019B-Q-103 (PI: Paulo J. A. Lago). To characterize the chemical composition of the ionized gas in an extended area, we observed two GMOS fields of 5.5 × 5.5 arcmin2 each. One field was centered on the main body of the galaxy (field 1) and the other includes the southwest region of the system (field 2). To create the GMOS spectroscopic mask, we used Hα observations of NGC 1313 to identify candidate star-forming regions.
During the observations, the seeing was typically 0.7 arcsec, so we adopted a slit width of 0.75 arcsec to ensure proper sampling while maximizing throughput and maintaining spectral resolution. The instrument position angle was 90.1°. We made two observations for each field using the R400_G5325 grating, with exposure times of 1050 s and 1079 s for fields 1 and 2, respectively, and centered at wavelengths of 5200 Å and 5300 Å for each field. In all cases, the wavelength coverage ranged from 4130–7645 Å, encompassing the emission lines needed to estimate the physical properties of star-forming regions. The spectral resolution at Hα was R ∼ 1300, with Δλ ∼ 5 Å.
We reduced the GMOS spectroscopic data using the GEMINI package (v1.14) in IRAF (v2.16). All science and calibration frames were corrected by overscan, bias and flat-field using the tasks GBIAS, GSFLAT, and GSREDUCE. We performed wavelength calibration with the GSWAVELENGTH and GSTRANSFORM routines, obtaining an rms of 0.28 from the CuAr lamp calibration. We removed cosmic rays using the LACOS_SPEC task of van Dokkum (2001) through the routine GEMCRSPEC. We extracted the spectra from the mask using the GSCUT task and combined them using the GEMCOMBINE task. We then used the GSEXTRACT routine to extract spectra from the sky. We reduced the spectrum of the observed standard star LTT3218 in the same way as the galaxy data in order to derive the sensitivity function with GSSTANDARD. Finally, we flux-calibrated all spectra using the GSCALIBRATE task.
Figure 1 shows an Hα image of the two fields observed in this work. The figure includes the observed and analyzed regions (with their identifications), those where no emission was detected, and the regions that showed emission but where the Hα emission was so intense that it contaminated the entire slit, preventing spectral extraction. One region selected for its Hα emission turned out to be a young star cluster and was therefore not analyzed. Hernandez et al. (2022) named this cluster “NGC 1313-379.” The bottom panel of Figure 1 shows an example of the typical observed spectrum in NGC 1313.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Top panel: Hα images of the two Gemini Multi-Object Spectrograph (GMOS) fields observed in NGC 1313. Field 1 (upper left) covers the main body of the galaxy, while field 2 (lower right) covers the star-forming clouds in the southwest. Red rectangles indicate the slit positions for the observed H II regions, with their IDs labeled in yellow. Red crosses indicate regions without detected emission. Cyan rectangles indicate regions where emission was detected but not analyzed (see section 2). The blue diamond indicates a star cluster observed by its Hα emission. The red circle indicates the center of NGC 1313 from the NASA/IPAC Extragalactic Database (NED). North is up and east is to the left. Bottom panel: Spectrum of region #1 observed in NGC 1313, corrected for extinction using the law of Calzetti et al. (2000). Emission lines characteristics of a star-forming region are labeled.



2.1. Complementary optical images
To complement the spectroscopic data, we used i-band images from the DR10 Legacy Survey1 (Dey et al. 2019), observed with the Dark Energy Camera (DECam; Flaugher et al. 2015). We selected an area of 8 arcmin centered on the coordinates of NGC 1313, from the NASA/IPAC Extragalactic Database (NED). This region covers the same area as the two fields observed with GMOS-S (main body and southwestern structures). The DR10 images have a pixel scale of 0.262″ per pixel. The zero-point value in the Legacy Survey images is fixed for all bands (zp = 22.5). This is because in DR10 object brightness is stored as linear fluxes in units of nanomaggies. Furthermore, the sky is already subtracted in the DR10 images, so the integrated flux in the region is considered intrinsic to the source. Finally, we used weight images for the same field in the g and i filters to estimate the flux uncertainties for each region. These images contain the error in the flux measurement for each pixel in the observed field.
2.2. Complementary SAM-Fabry-Perot observations
We observed NGC 1313 with the Southern Astrophysical Research (SOAR) Adaptive Module-Fabry-Perot (SAM-FP) instrument (Mendes de Oliveira et al. 2017) at the SOAR telescope. This configuration uses SAM, the ground layer adaptive optics instrument (Tokovinin et al. 2008), which improves image quality. For the Fabry-Perot observations, we used an interference order of p = 609 at Hα. In these observations, the free spectral range (FSR) has an amplitude of 490 km s−1, which we scan with 38 channels. The resolution power of the observation was R ≃ 11 500. We performed wavelength calibrations by scanning the Ne 6598.95 Å line. Mendes de Oliveira et al. (2017) provide a detailed description of the SAM-FP instrument. The SAM-FP covers a field of view of 3′×3′. For NGC 1313, we observed two pointings to cover the main body of the system, which corresponds mainly to field 1 shown in Figure 1.
We corrected SAM-FP data for flat field, dark images, and bias using the standard routines provided in IRAF. We performed phase map correction and OH night-sky line subtraction with the ADHOCW software2, following the procedure described by Amram et al. (1996). Finally, we produced a 3D Hα data cube, which allowed us to map the kinematics of the warm ionized gas.
3. Analysis
3.1. Extinction and emission-line measurements
Star-forming regions are obscured by dust. In our analysis, we used the extinction law proposed by Calzetti et al. (2000) to correct for extinction, as it is designed for starburst galaxies. We implemented this correction through the EXTINCTION library in PYTHON. For this purpose, we first estimated the gaseous color excess from the Balmer decrement, assuming Hα/Hβ = 2.86 for an electron temperature of Te = 10 000 K and an electron density of n = 100 cm−3 (under Case B recombination; Osterbrock & Ferland 2006), following the prescriptions of Domínguez et al. (2013). We used this gaseous color excess to obtain the stellar color excess in the regions through the expression of Calzetti et al. (2000): E(B − V)stellar = 0.44E(B − V)gas. We then applied these derived stellar color excesses, which range from 0.008 to 0.17, to correct each region for extinction. Table 1 lists the ID, R.A., and Dec of the sources. In the fourth column we list the stellar color excess for each observed region. We propagated the uncertainties in the stellar color excess by accounting for the uncertainties in the Hα and Hβ emission-line measurements and in the coefficients used to convert gaseous to stellar color excess.
Table 1. 
Coordinates of the star-forming regions observed in NGC 1313, together with the emission-line fluxes and associated stellar color excess values.

For each spectrum, we estimated the emission-line fluxes of Hβ, [O III] λ5007 Å, Hα, [N II] λ6584 Å, and [S II] λλ6716/6731 Å. Given the high signal-to-noise ratio of the spectra (mean S/N ∼ 200), we employed an automated Gaussian fitting procedure using the LIME library developed by Fernández et al. (2024). This code fits Gaussian profiles to emission lines by defining spectral bands, which include the emission line and two adjacent continuum regions free of features. The continuum associated with the stellar component is subtracted to obtain the intrinsic line flux. The library returns the Gaussian flux and its associated uncertainty, which corresponds to the 1σ standard error derived via a least-squares minimization algorithm using the LMFIT package. In Table 1 we list the extinction corrected fluxes of the measured emission lines in NGC 1313 (columns five to ten).
3.2. Oxygen abundances
A fundamental physical property in the study of galaxy evolution, particularly in interacting systems, is their chemical content. It is well known that galaxy interactions can alter the distribution of metals. Therefore, analyzing the behavior of chemical abundances becomes a fundamental step in the study of NGC 1313. We focused on the analysis of the oxygen abundance. Since we did not detect [O III] λ4363 Å in any spectra, we did not apply the direct method to estimate abundances. Instead, we adopted semi-empirical calibrations, specifically the N2 method following the calibrations proposed by Marino et al. (2013), which exhibits intrinsic dispersions of 0.16 dex. We note that we did not use the O3N2 method given its valid range. We obtained uncertainties in oxygen abundances by considering errors in the estimated emission-line fluxes and in the constant calibrator parameters, and then adding the intrinsic quadrature calibrator dispersion.
To analyze the radial distribution of oxygen abundances, we estimated the deprojected distances to each observed region using the method described by Scarano et al. (2008). The inclination and position angle of NGC 1313 are i = (48 ± 3)° and PA = (0 ± 3)°, respectively, both taken from Ryder et al. (1995). Thus, we estimated uncertainties of deprojected distances by propagating the ±3° uncertainties.
In Table 2 we list the identification of each source, the estimated deprojected distances from the center of the galaxy to each observed region, the N2 indexes and the oxygen abundances derived from the N2 method.
Table 2. 
Deprojected distances, N2 calibrator, oxygen abundances, electron densities, and ages for the star-forming regions in NGC 1313.

3.3. Electron densities
We estimated the electron density (ne) in each region using the [S II] λλ6716/6731 Å line ratio (RS2) through the TEMDEN task of the NEBULAR package of STSDAS within IRAF. This task calculates the electron density using the five-level program for ions, FIVEL, developed by De Robertis et al. (1987). To perform this calculation, an electron temperature of T = 10 000 K is assumed, which is a typical value for star-forming regions (Osterbrock & Ferland 2006). We show the values obtained for the RS2 ratios and their uncertainties, along with the electron densities of the studied regions, in the last columns of Table 2. We propagated the uncertainty in the RS2 ratio using the errors in the estimation of the [S II] doublet flux.
3.4. Ages and Hα equivalent width
We used the equivalent width of the Hα emission line, EW(Hα), to date our emission-line sources. In this case, Hα emission traces ages on the order of a few million years (Kroupa et al. 2024). To estimate the ages of the H II regions, we interpolated the observed EW(Hα) with the STARBURST99 models (SB99; Leitherer et al. 1999). These models consider star formation histories: an instantaneous burst of star formation (also called a single stellar population) or continuous star formation at a constant rate. Additionally, they considered three different initial mass functions (IMFs) in a mass range of 1–100 M⊙, along with five different metallicity values (Z = 0.04, 0.02, 0.008, 0.004, and 0.001). The models cover ages from 106 to 109 years. Leitherer et al. (1999) set the total mass of the simple (or instantaneous) stellar population at 106 M⊙. These values were chosen to produce properties typical of the observed star-forming regions in galaxies.
We interpolated the EW(Hα) values from the model with the observed EW(Hα) values using the Interpolate subpackage of the SciPy library in Python 3.12. We obtained the EW(Hα) used in this analysis with the LIME library, which calculates uncertainties using Monte Carlo propagation. Subsequently, we derived the age uncertainty from the confidence interval based on the uncertainties associated with the measurement of EW(Hα). In this way, we derived an age range for each region, including upper and lower limits. We list the ages and their uncertainties for all star-forming regions in NGC 1313 in the last column of Table 2.
3.5. Stellar masses through photometric data
In addition to nebular properties, we estimated the stellar masses of each region. To this end, we assumed that the total mass in each H II region is largely traced by its luminosity. In practice, to estimate the stellar masses, we assumed a mass-to-light (M/L) ratio derived from the absolute i-band magnitude equal to 0.8 (McGaugh et al. 2000; Portinari et al. 2004). It is important to note that we cannot use color–mass calibrations (e.g., Taylor et al. 2011) to estimate stellar masses of individual H II regions, as they were developed for integrated galaxy light with old stellar populations, which may not be the case for very young stellar populations in H II regions.
Since the star-forming regions are not point-like sources, the circular area around the aperture is contaminated by emission from the underlying stellar population of NGC 1313. Therefore, we performed fixed-aperture photometry on the Legacy images using the PHOTUTILS library in PYTHON. We adopted a fixed aperture of 2.62″ (10 pixels, given a pixel scale of 0.262″ per pixel). We selected this value by visual inspection considering the spatial size of the slit and the region from which the spectrum was extracted. We corrected the obtained magnitudes for extinction using the extinction law of Calzetti et al. (2000).
Table 3 lists the apparent magnitudes in the g and i bands, the absolute magnitude in the i band, and the masses derived for the 19 star-forming regions. We propagated uncertainties in the stellar masses by accounting for the uncertainties in the magnitude estimates.
Table 3. 
Apparent magnitudes in the g and i bands, absolute magnitudes in the i band, and masses with their uncertainties for the H II regions in NGC 1313.

3.6. Kinematic maps as evidence of interaction events
We used the SAM-FP Hα data cube to analyze the kinematics of the warm ionized gas in the system. We used the ADHOCW software to derive the Hα monochromatic map of NGC 1313 and its velocity field. These maps provide valuable information on the kinematic behavior of interacting galaxies, particularly when the spectral resolution allows analysis of the Hα emission-line profiles, where multiple components may indicate the existence of gas flows and noncircular motions. Indeed, previous analyses of interacting galaxies have revealed complex kinematics, as in the case of the compact galaxy group HCG 31 (Amram et al. 2007; Gómez-Espinoza et al. 2023). Amram et al. (2007) found multiple emission-line profiles in the central region of HCG 31, suggesting that this system is in a pre-merger state. Muñoz-Elgueta et al. (2018) present another example of using Fabry-Perot data to study interacting galaxies. These authors analyzed NGC 4656 and its candidate tidal dwarf galaxy. The high resolution of the data reveals noncircular and counter-rotating motions at small-scale, suggesting an interaction between NGC 4656 and its satellite. Therefore, kinematic data can help us disentangle the existence of previous interaction episodes in NGC 1313.
4. Results
4.1. Ionization mechanism: Optical diagnostics diagrams
We used diagnostic diagrams to determine the dominant ionization mechanism in the observed regions. Using the Baldwin–Phillips–Terlevich (BPT; Baldwin et al. 1981) and EWHα versus N[II]/Hα (WHAN; Cid Fernandes et al. 2011) diagrams, we find that all 19 regions correspond to star-forming regions, i.e., H II regions, as shown in Figures 2 and 3. Hence, the gas is ionized by UV emission from massive O- and B-type stars. One region (ID #19) lies at the limit of the star-forming regime in the top panel in Figure 2; however, within the uncertainties, this source appears to be a star-forming region. In the bottom panel of Figure 2, region #19 shows an atypical [S II]/Hα ratio. This atypical ratio may be due to its spatial position between the two complex southwestern zones. Therefore, an additional classification scheme is necessary to elucidate its origin.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Baldwin–Phillips–Terlevich (BPT) diagram (Baldwin et al. 1981) for the 19 star-forming regions of NGC 1313. Top panel: [O III]/Hβ versus [N II]/Hα. Bottom panel: [O III]/Hβ versus [S II]/Hα. In both panels, the solid blue line represents the limit proposed by Kewley et al. (2001). In the top panel, the dashed blue line represents the limit of Kauffmann et al. (2003) to differentiate between AGNs and star formation. The dashed blue line in the bottom panel represents the limit of Kewley et al. (2006) to separate Seyferts from low-ionization nuclear emission-line regions (LINERs).



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Diagnostic WHAN diagram (Cid Fernandes et al. 2011) for the 19 star-forming regions observed in NGC 1313. The dashed green line separates AGNs and star formation, the dashed orange line separates strong and weak AGNs and the dashed blue line separates star-forming from passive galaxies.



Figure 3 presents the WHAN diagnostic diagram, which uses EW(Hα) instead of [O III]/Hβ. All regions lie in the star-forming zone. These results confirm that region #19 is an outlier in the previous diagnostic diagrams and is ionized by star formation. Furthermore, this confirms that the observed regions are H II regions.
4.2. Electron densities
We measured the [S II] doublet ratio (RS2) in all 19 H II regions, as we detected both emission lines in each case. However, six regions exhibit RS2 values above the upper theoretical limit of 1.43 (Osterbrock & Ferland 2006), indicating that their electron densities fall within the low-density limit. These regions are located close to the center (region #3 and #10) and in the southwestern area (region #13, #14, #15, and #19). For these regions, we assumed a value of ne < 10 cm−3. In the remaining 13 regions, where the ratio lies within the valid diagnostic range (specifically, 1.28 < RS2 < 1.43), we estimated electron densities. We list the derived electron densities for all regions in the sixth column of Table 2. The electron densities in NGC 1313 span the range ne = 10–142 cm−3, with a median of ne = 71 cm−3 (16–84th percentiles: 10–111 cm−3), which is consistent with the low-density regime of H II regions. In contrast to ultra-compact H II regions (with ne > 104 − 105 cm−3), these are more diffuse regions, as suggested by Copetti et al. (2000), who found low mean electron density values ranging from ne ≈ 20 to 140 cm−3 in a sample of 15 galactic H II regions using the RS2 indicator. Krabbe et al. (2014) found that the expected values for ne in interacting systems were in the range ne = 24–532 cm−3. However, their sample consisted of pairs of interacting galaxies and in some cases major mergers, whereas NGC 1313 does not belong to a galaxy pair. Furthermore, they studied mostly SA-type galaxies. However, their sample included one SB-type galaxy (AM-2058B, similar to NGC 1313), with a mean ne = 86 cm−3, spanning the range ne = 42–184 cm−3. These values are similar to those obtained in this work.
4.3. Stellar masses
Table 3 lists the derived magnitudes and masses. The masses range from 104.9 to 106.3 M⊙. This indicates that the regions host stellar populations spanning tens of thousands to a few million solar masses, comparable in order of magnitude to well-studied massive star-forming complexes such as 30 Doradus in the LMC (M★ ∼ 1.1 × 105 M⊙; Doran et al. 2013) and the young massive clusters recently studied with JWST in the barred spiral galaxy NGC 1365 (M★ ≳ 106 M⊙; Whitmore et al. 2023). The stellar mass values are similar to those found by Finn et al. (2024), who note that NGC 1313 is particularly efficient at forming massive clusters (M★ > 105 M⊙) compared to NGC 7793, a spiral galaxy with similar physical properties.
4.4. Ages from Hα equivalent width
We inspected the spectra of the star-forming sources in NGC 1313 and found that the stellar continuum is too faint to be detected (e.g., see the panel in Figure 1). In addition, we detect Wolf-Rayet Bumps in at least two regions (#5 and #7), which indicate a very young population with ages in the range of 3 to 5 Myr (Hadfield & Crowther 2007). Silva-Villa & Larsen (2012) suggested the presence of a burst in the southwestern region based on an analysis of star formation histories in the system. This evidence suggests that the regions formed in an instantaneous burst of star formation rather than through continuous star formation.
As mentioned in Section 3.4, we estimated ages using SB99. In practice, we used a simple stellar population, the Salpeter IMF and a metallicity of Z = 0.004, which is consistent with the abundances derived from the N2 method (average value of 12+log(O/H)≈8.13; see section 4.5). We list the estimated ages in the last column of Table 2.
The ages obtained span 2.73–6.02 Myr, with a mean of ∼4.2 Myr, confirming a uniformly young population consistent with typical H II regions powered by massive O-type stars. In detail, eight regions are younger than 4Myr, eight lie between 4–5Myr, and three are older than 5Myr. These timescales are consistent with the short lifetimes of O stars (∼4 Myr) and the expectation that H II regions remain ionized for ≲10 Myr (Osterbrock & Ferland 2006; Draine 2011).
4.5. Oxygen abundances and gradient
The oxygen abundances considered in this work are those derived with the N2 calibrator, with all 19 regions falling within its valid range. Using the N2 calibrator, the oxygen abundances range from 12+log(O/H) = 8.01 ± 0.18 (region #9, northeast arm) to 12+log(O/H) = 8.22 ± 0.17 (region #19, southwest sector), with a mean of 12+log(O/H) = 8.13 ± 0.04. These values confirm that NGC 1313 is a low-metallicity system, with sub-solar abundances compared with 12+log(O/H)⊙ = 8.69 (Allende Prieto et al. 2001).
The derived abundances are systematically lower than previously estimated with the direct method (Te), such as 12+log(O/H) ≈ 8.26 ± 0.07 from Pagel et al. (1980), 12+log(O/H) ≈ 8.4 ± 0.1 by Walsh & Roy (1997), and most recently 12+log(O/H) ≈ 8.26 ± 0.06 from Hadfield & Crowther (2007). This discrepancy arises from the different methods used to estimate abundances. In the aforementioned studies, the auroral line [O III] λ4363Å could be detected, while in this work we used semiempirical calibrators. However, our analysis uses more recent calibrations based on updated statistical fits. Furthermore, we covered more regions in the southwestern area than previous studies that estimated the abundances using the direct method.
Figure 4 presents the radial distribution of the oxygen abundance in NGC 1313, spanning deprojected distances of 0.91 to 7.11 kpc from the galactic center. We adjusted the linear fit for all regions using a least-squares method with NUMPY.POLYFIT, including uncertainties in abundance measurements, yielding a weakly inverted gradient with a slope of β = 0.0114 ± 0.0074 dex kpc−1 and an intercept of 12+log(O/H) = 8.106 ± 0.030. In particular, we find the highest abundances in the southwestern regions, with region #19 being the most metal-rich and located between the two southwestern structures. In contrast, we find the lowest abundances in regions #1 and #9, which are located in the inner parts of the northeastern and southwestern spiral arms, respectively. However, this “inverted gradient” is considered a marginal trend because, despite the positive slope, the uncertainties suggest a mostly flat radial chemical distribution rather than an inverted gradient.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Radial abundance gradient in NGC 1313. The points represent the abundances derived using the N2 method for the 19 regions studied. The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. For comparison, we show the slopes of different interacting systems, such as NGC 92 (Torres-Flores et al. 2014), NGC 6845 (Olave-Rojas et al. 2015), NGC 1512 (Bresolin et al. 2012), and NGC 55 (Magrini et al. 2017). The average abundances of the LMC and SMC (Russell & Dopita 1990) are also indicated for reference.



For comparison, Fig. 4 includes the chemical gradients for other interacting systems: NGC 55, a barred spiral galaxy with a stellar mass of 3.0 × 109 M⊙ (Medoff et al. 2025), which has a very similar slope and the same average oxygen abundance (12+log(O/H) ∼ 8.13 ± 0.18; Magrini et al. 2017). We also included three more massive interacting systems (on the order of ≈1010 M⊙): NGC 1512, a barred spiral (Bresolin et al. 2012), and the regions observed in the tails of NGC 92 (Torres-Flores et al. 2014) and NGC 6845 (Olave-Rojas et al. 2015). Consistent with the mass-metallicity ratio, these more massive systems exhibit higher oxygen abundances. However, the same flattening of the chemical gradient is still present. In addition, we plot the average oxygen abundance value estimated for the LMC and the Small Magellanic Cloud (SMC; Russell & Dopita 1990). The oxygen abundance of NGC 1313 is similar to the average value estimated for the SMC.
It is important to note that we calculated the uncertainties associated with the slope and the zero-point of the fits from the uncertainties in the inclination, position angle, and flux without adding the 0.16 dex scatter of the calibrator Marino et al. (2013). This is because such a dispersion increases the uncertainty, making it difficult to distinguish between flat, positive, or negative gradients. Nevertheless, since we determined the oxygen abundance from the N2 index, our measurements are not absolute values and depend on the calibrator. Therefore, the 0.16 dex scatter becomes systematic without altering the general trends. Table 4 lists the slopes and zero-points for the different fits applied to the chemical distributions.
Table 4. 
Slopes and intercepts calculated for different fits to the oxygen abundance gradient in NGC 1313.

The marginal positive gradient in NGC 1313 is mainly driven by the southwestern area, where regions at 5–8 kpc exhibit higher abundances (12+log(O/H) ∼ 8.10 to 8.22, with a mean of 12+log(O/H) ∼ 8.16) than those in the main body at 1.5–5 kpc (12+log(O/H) ∼ 8.01 to 8.20, mean 12+log(O/H) ∼ 8.11). To further investigate this trend, we performed two different fits: one for the main galaxy (regions #1 to #10) and another for the southwestern sector (regions #11 to #20), as shown in panel (a) of Fig. 5. The regions in the main body of the galaxy maintain a flat gradient with a slight positive slope (β = 0.0062 ± 0.0183 dex kpc−1), whereas the clouds to the southwest now show a slightly negative slope (β = −0.0064 ± 0.0121 dex kpc−1). Again, considering the uncertainties, the trend is consistent with a mostly flat gradient. This trend is in agreement with previous studies suggesting that NGC 1313 lacks a pronounced radial gradient. Walsh & Roy (1997) found that the global oxygen abundance distribution is essentially flat across the disk and pointed out that NGC 1313 is one of the most massive barred galaxies that does not exhibit a radial gradient. Although the oxygen abundance values in this work are lower (12+log(O/H) ∼ 8.0 to 8.2 compared to 12+log(O/H) ∼ 8.4 obtained by Walsh & Roy (1997), possibly due to the different methods used), we still observe a flat gradient. Specifically, we detect a slight increase in abundance in the southwestern region of the system.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Oxygen abundance gradients for the 19 star-forming regions using the N2 method from Marino et al. (2013). The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. Panel (a): Radial gradient separating regions belonging to the main body of the galaxy (“Galaxy”) and the southwestern regions of the system (“Clouds”). Panel (b): Galactocentric gradient separating between regions northeast (“Galaxy left”) and southwest (“Galaxy right”) of the center of NGC 1313. For all gradients, the slope and intercept of the fits are indicated at the top.



To analyze how the gas distribution behaves in each arm of NGC 1313, we created a galactocentric gradient which divides the galaxy into the northeastern arm and the southwestern region (southwestern arm and structures), as shown in panel (b) of Figure 5. This gradient shows that the outermost H II regions of both the northeastern and southwestern sides of the galaxy are more metallic than the center. In particular, for the northeast arm we find a slope of β = −0.0196 ± 0.0176 with an intercept of 12+log(O/H) = 8.070 ± 0.052, while for the southwestern region we find a slope of β = 0.0057 ± 0.0094 with an intercept at 12+log(O/H) = 8.137 ± 0.043.
4.6. Hα distribution and kinematic behavior
In the top panel of Figure 6 we show the Hα monochromatic image of NGC 1313, which corresponds to a mosaic of two different pointings. In this figure we identify the northeastern and the southwestern spiral arms. Both are clearly identified in the Hα image, which traces star formation on this system. We observe patchy emission across the arms. We do not identify strong emission in the central region, which indicates the presence of a more evolved population that cannot ionize gas. In addition, we observe different H II regions outside the spiral arms, which may suggest previous interaction events.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Top panel: Hα image of NGC 1313 derived from the SOAR Adaptive Module-Fabry-Perot (SAM-FP) data cube. Middle panel: Velocity field for NGC 1313. In both panels, slack contours represent the Hα emission and selected regions are highlighted with red boxes. Bottom panel: Zoom-in of regions showing the complex kinematics of NGC 1313. Each panel shows the Hα profiles extracted from 10 × 10 pixel boxes in the data cube.



The middle panel of Figure 6 shows the velocity field of NGC 1313. In general, there is a clear velocity gradient in this system, which indicates that the galaxy is gravitationally supported by rotation. However, on small scales there are several deviations from a purely rotating disk. To highlight this point, the bottom panel of Figure 6 shows four panels illustrating the different complexity of this system, where white profiles represent the Hα emission extracted from 10 × 10 pixel boxes. The spatial location of these panels is identified by red boxes in the middle and top panels of Figure 6.
In panel a, the velocity field appears remarkably homogeneous, with no significant gradients or localized perturbations in the radial velocity. The Hα line profiles are predominantly symmetric and well described by a single component, indicating that the ionized gas is dominated by ordered motions, likely tracing the underlying disk rotation. This suggests a dynamically relaxed region with no clear signatures of recent disturbances or strong local feedback. In contrast, panel b exhibits markedly complex kinematics. The radial velocity shows strong spatial variations on small physical scales, reaching amplitudes of up to ∼60 km s−1. The Hα profiles in this region, particularly near the central area, frequently display multiple components and asymmetric shapes. Such features are indicative of kinematically distinct gas components along the line of sight, which may arise from expanding shells, superbubbles driven by stellar feedback, or localized gas flows. Alternatively, these signatures may reflect noncircular motions induced by a past or ongoing interaction event, as observed in systems such as HCG 31 (e.g., Amram et al. 2007). Panel c also reveals disturbed kinematics, although somewhat less extreme than in panel b. The velocity field is irregular, with variations of up to ∼50 km s−1 over spatial scales of ∼200 pc. The presence of perturbed and occasionally asymmetric Hα profiles further supports the existence of localized dynamical disturbances. These may be associated with smaller-scale feedback processes (e.g., stellar winds or supernova-driven turbulence) or could represent residual signatures of larger-scale perturbations affecting the northern region of the galaxy. Panel d shows a region located in the western spiral arm of NGC 1313, where the velocity field is smooth and coherent, consistent with large-scale rotation. Although mild velocity gradients are present, they are not accompanied by distortions in the Hα line profiles, which remain largely symmetric and single-peaked. This indicates that the gas kinematics in this region is dominated by regular disk dynamics, with no strong evidence for perturbations or multicomponent structures. Taken together, the kinematic analysis reveals a clear dichotomy between different regions of the galaxy. Regions a and d show a smooth behavior consistent with the large-scale pattern. Regions b and c show strong deviations from ordered rotation, including velocity gradients, asymmetries, and multicomponent profiles, all of which point to a dynamically disturbed gas. These features are consistent with the presence of noncircular motions, such as inflows, outflows, or tidal perturbations.
This qualitative and spatially resolved evidence supports a scenario in which NGC 1313 has undergone a past interaction or minor merger. Such events are known to induce gas flows, enhance turbulence, and produce complex velocity fields, particularly in localized regions. The concentration of these signatures in the northern part of the galaxy suggests that this area has been more strongly affected, possibly marking the most significant dynamical impact. In this context, previous interactions are expected to significantly affect the chemical distribution of the interstellar medium, as gas mixing acts as an efficient mechanism to redistribute metals throughout the galaxy (e.g., Rupke et al. 2010). Such processes can dilute central metallicity enhancements and flatten radial abundance gradients by transporting metal-poor gas inward and metal-rich gas outward. From an observational perspective, interacting systems that exhibit disturbed kinematics often present shallow or flat metallicity gradients, consistent with the presence of large-scale gas flows (see, e.g., Alfaro-Cuello et al. 2015). In this framework, the perturbed kinematics observed in NGC 1313 likely play a key role in shaping its chemical structure, as illustrated in Figure 5. This is supported by the detection of multiple-component Hα profiles, which provide strong evidence for the coexistence of kinematically distinct gas phases along the line of sight, a clear signature of ongoing gas mixing. These features support a scenario in which dynamical disturbance, such as inflows, outflows, or tidally induced motions, enhance the redistribution of metals, thereby contributing to the observed oxygen abundance pattern and its spatial variations.
5. Discussion
5.1. Main physical properties of NGC 1313
NGC 1313 is a late-type galaxy with a peculiar morphology, generally classified as a barred Magellanic spiral (SB(s)d). Due to its mass and luminosity, it lies at the boundary between dwarf and irregular galaxies and more developed disk spirals. Indeed, it has been classified as being in a “transition” between a barred Magellanic spiral (SBm) and an SBc (Walsh & Roy 1997). Furthermore, it has been compared to the LMC, since both display a prominent bar and an irregular morphology. NGC 1313 is slightly less massive (2.6 ×109 M⊙; Calzetti et al. 2015) and, as confirmed by this work, has lower oxygen abundances (12+log(O/H) ∼ 8.13 ± 0.04) than the LMC (12+log(O/H) ∼ 8.37; Russell & Dopita 1990). Notably, the values obtained are more similar to the abundance of the SMC (12+log(O/H) ≈ 8.13 ± 0.1; Russell & Dopita 1990).
All 19 observed regions in this study are confirmed as H II regions, whose dominant ionization source is clearly photoionization of massive stars, indicative of recent star formation. Region #19, which appears as an outlier in the diagnostic diagrams, lies between the two molecular clouds in the southwestern area. Its atypical emission-line ratios may be enhanced by local conditions, possibly associated with the suggested past minor-merger interaction in the southwestern region of the system (Peters et al. 1994). It may also be associated with the nearby supernova SN 1978K and the presence of shocks reported by Ryder et al. (1993). We cannot discard the possibility that shocks contribute to its ionization.
The derived electron densities indicate that most regions are in a low-density regime, with a median of ne ∼ 71 cm−3, suggesting the presence of diffuse nebular emission, specifically in the southwest structures. However, nine of the 19 regions fall within the ne range displayed by interacting galaxies (Krabbe et al. 2014), spanning ne ∼ 52 to 142 cm−3. The densities obtained are generally lower than those reported by Krabbe et al. (2014). One possible explanation is that NGC 1313 may have experienced a minor merger (Peters et al. 1994; Silva-Villa & Larsen 2012) rather than a major one, so its H II regions do not reach such extreme electron densities. The observed median of ne ∼ 71 cm−3 is consistent with values reported for other H II regions, such as N77A with ne ∼ 43 cm−3 and N456 with ne ∼ 114 cm−3, both in the SMC (Jin et al. 2023). Low densities are commonly found in H II regions of interacting systems. For example, Muñoz-Elgueta et al. (2018) also found several regions with low values of ne (< 10–20 cm−3) in the interacting NGC 4656 system, which is also a nearby barred spiral galaxy with a dynamical mass of 6.8 × 109 M⊙ (Muñoz-Elgueta et al. 2018).
Regarding the spatial distribution, the southwestern regions tend to be less massive and less dense, but slightly older and more metal-rich. In contrast, the regions in the main body of the galaxy are generally the most massive, but we find no clear trend among age, density, or oxygen abundance.
5.2. A young and massive stellar population
The ages and stellar masses obtained for the H II regions in NGC 1313 confirm a young and massive population. This is expected since we selected these regions by their Hα emission. Furthermore, considering that the galaxy has low metallicity and an intense Hα emission, we also expected to find a young stellar population dominated by massive O- and B-type stars, which emit strongly in the UV. This implies recent and even ongoing star formation.
Our analysis shows that NGC 1313 hosts young (< 6 Myr) and moderately massive (∼104.9–106.3 M⊙) H II regions. This finding is in agreement with the work of Finn et al. (2024), who find that NGC 1313 is very efficient in forming young (< 10 Myr) and massive (> 104 M⊙) star clusters, compared to the similar spiral NGC 7793. They attribute this efficiency to strong spiral density wave perturbations in NGC 1313, which lead to more extreme molecular cloud properties. The young ages we measure are also consistent with those found for star-forming regions in other interacting systems, such as the tidal tail of NGC 6845 reported by Olave-Rojas et al. (2015), who found ages ranging between 2–7 Myr.
Further evidence for a predominantly young stellar population is provided by Hannon et al. (2019), who used photometric data to study ∼700 young clusters (< 10 Myr) in NGC 1313 and in two other similar spirals (NGC 7793 and NGC 4395). They established a clear link between Hα morphology and age: clusters with concentrated Hα emission have an average age of ∼3 Myr, while those partially exposed by gas bubbles have ages close to ∼4 Myr. Finally, those largely devoid of ionized gas are older than 5 Myr. The regions observed in this work correspond to the younger categories in this evolutionary scenario, with the clusters still embedded in ionized gas.
Finally, the presence of the blue and red Wolf-Rayet bumps is also evidence for a young stellar population, specifically in regions #5 and #7. This provides an upper limit on the ages (3–5 Myr; Hadfield & Crowther 2007) and indicates that these regions host a massive stellar population, with O-type stars likely having masses > 25 M⊙ (Gray & Corbally 2009). In particular, the ages of regions #5 and #7 are ≈3.65 and 4.57 Myr, respectively. This suggests that these regions were formed in situ.
5.3. Flat and slightly inverted gradient: Metal mixing in the radial distribution
The oxygen abundance gradient suggests the presence of a mixture of metals that causes flattening and even slight inversion of the gradient. Regardless of whether the N2 calibrator dispersion (0.16 dex) is included, a predominantly flat behavior is observed (β = 0.0114 ± 0.0074 dex kpc−1). This is expected based on several studies of interacting galaxies (Rupke et al. 2010; Kewley et al. 2010; Perez et al. 2011; Rosa et al. 2014). For example, several tidal tails produced by galaxy-galaxy interactions display flat gradients, where star-forming regions trace these gradients, as in NGC 92 (β = −0.017 ± 0.0021; Torres-Flores et al. 2014) and NGC 6845 (β = 0.002 ± 0.004; Olave-Rojas et al. 2015). Subsequently, Buzzo et al. (2021) find flat and even inverted gradients when analyzing the NGC 1487 system, which is a merger of dwarf galaxies. Therefore, the results presented in this work are in agreement with the literature, which reports flat gradients in interacting galaxies. The aforementioned authors generally associate the flattening of the metal distribution with gas mixing through flows caused by gravitational interaction, which distribute the gas and dilute the central abundance.
However, it is important to emphasize that the flattening of the gradient may be triggered by gas flows rather than other factors, such as star formation. To this end, we used equation (1) from Bresolin et al. (2012), which has been used in similar cases such as Torres-Flores et al. (2014) and Olave-Rojas et al. (2015), to rule out the possibility that the star formation produced in situ by the interaction increased the abundance in the southwest region. Since we focused on the southwest part of the system, we adopted 12+log(O/H) = 8.16 as the average abundance of regions #11 to #20. We calculated the star formation density using far-ultraviolet (FUV) images from the Galaxy Evolution Explorer (GALEX) through aperture photometry covering the regions of interest (using PHOTUTILS from PYTHON). After correcting for extinction using the law of Calzetti et al. (2000) and calculating the star formation rate using equation (4) from Iglesias-Páramo et al. (2006), we obtain ΣSFR = 5.51 × 10−6 M⊙ yr−1 kpc−2. For the neutral gas density, we assumed a lower bound of 10 M⊙ pc−2, as proposed by Fig. 8 from Suzuki et al. (2013), to avoid overestimation. Silva-Villa & Larsen (2012) reported that 237 Myr are required to complete half an orbit around NGC 1313, which we adopted this as a maximum timescale. With these values, we obtain y ∼ 3 for an increase of 0.1 dex, which is much higher than the theoretical values (y ∼ 0.01 from Maeder 1992 or y ∼ 0.049 from López-Sánchez et al. 2015). If we consider the ΣSFR observed with GALEX and the highest yield of 0.049, the increase in abundance is only 0.0016 dex, instead of the ∼0.1 dex we observed in the gradient. Similarly, reversing the calculation, increasing the abundance by 0.1 dex would require ΣSFR = 3.8 × 10−4 M⊙ yr−1 kpc−2, which is two orders of magnitude higher than our estimated value of ΣSFR = 5.51 × 10−6 M⊙ yr−1 kpc−2. It should be noted that the assumed ΣHI value may have been calculated for a larger region than the one of interest. For this reason, we repeated the calculation assuming half this value (ΣHI = 5 M⊙ pc−2). Even with this calculation, we still need a ΣSFR = 1.9 × 10−4 M⊙ yr−1 kpc−2 to increase the abundance by 0.1 dex, obtaining a yield of 1.7. Conversely, with the calculated ΣSFR from GALEX, the abundance only increases by 0.003 dex. Consequently, we rule out the possibility that in situ star formation induced by the interaction itself could raise the oxygen abundance gradient, suggesting that gas flows are the most likely scenario for the flattening of the gradient.
Walsh & Roy (1997) conducted a crucial study of the chemical analysis of NGC 1313 and noted that low-mass irregular galaxies such as the Magellanic Clouds or NGC 4395 exhibit flat gradients, while more massive late-type or Sc galaxies such as M33, NGC 300, or NGC 7793 develop typical negative gradients with slopes of β = −0.08 ± 0.02 dex kpc−1. Based on this, the authors determined that NGC 1313 was in an intermediate state, as it possessed a bar but not a prominent bulge, and given its flat gradient, they defined it as one of the most massive barred galaxies that does not exhibit a steep gradient. Similarly, the results obtained in this work confirm the homogeneous distribution of abundances, even when separated into different fits.
In contrast, a slight positive gradient trend has also been found in the Large Magellanic Cloud, where Toribio San Cipriano et al. (2017) found a slope of β = 0.05 ± 0.05 using the collision-excited lines method and a slope of β = 0.04 ± 0.07 using the recombination lines method. Although these results differ in slope by ≈0.03 dex from those obtained in this work, they provide evidence that systems similar to NGC 1313 (such as the LMC) can also exhibit this inversion.
Pan et al. (2025) recently studied the evolution of the oxygen abundance gradient using Integral Field Unit (IFU) data from the Sloan Digital Sky Survey IV Mapping Nearby Galaxies at Apache Point Observatory (SDSS-IV MaNGA), analyzing galaxy pairs and interacting galaxies across different stages of the merger, from the first encounter to the final coalescence. With these separated states, the authors find that the gradient tends to flatten slightly just after the first pericenter passage, likely due to radial gas mixing. However, this flattening is not consistent in all cases and varies depending on the intensity of the interaction and star formation activity. The authors describe how, as the interaction progresses through different states, metallicity enrichment or dilution varies, resulting in gradients that can either flatten or become steeper than the initial gradient. Taking this into account, the flattening of the oxygen gradient observed in NGC 1313 may be associated with the first pericenter passage, i.e., we may be observing the gradient shortly after the first interaction proposed for NGC 1313.
5.3.1. Past interaction with a satellite
Although NGC 1313 has no neighboring galaxy with which it might show signs of interaction, it shows a disturbance in its morphology and alterations in its physical and kinematic properties that could be due to past interaction. In particular, the southwest region stands out for its peculiarities. Peters et al. (1994) observed neutral hydrogen in NGC 1313 and found an extended loop of neutral hydrogen in the southwestern region. They subsequently found a kinematic perturbation when analyzing the velocity of the neutral gas. Based on this, they proposed that NGC 1313 interacted with a satellite galaxy (with a mass ratio of 1:10), which was destroyed and left this trace in the southwest region.
This scenario of a minor interaction was later revisited by Silva-Villa & Larsen (2012), who found a burst of star formation in the southwestern region triggered about 100 million years ago. They also emphasized that it was a minor burst, since they observed no evidence of interaction in other areas of the system, suggesting that the companion was a low-mass galaxy.
We observe a slight overabundance of oxygen in the southwestern region. This enrichment can be interpreted as a consequence of the recent starburst, where the intense formation of massive stars in that area tens or even 100 million years ago could have produced supernovae and, with them, associated stellar winds that may have enriched the interstellar medium with elements such as oxygen. In fact, there is a known Type II supernova (SNII) located in the southwestern region of NGC 1313, studied by Ryder et al. (1993) and designated SN 1978K, which has emitted intensely in X-rays, as well as in radio and optical spectra. This supernova may be an example of the intense events that occurred during that star formation episode, contributing chemical elements to the medium.
Now, the key question is how this supposed interaction influences the abundance gradient estimated in this work. Given that the gas in the southwestern region likely includes a mix of material native to NGC 1313 and that contributed by the satellite, the oxygen abundance in that region might be different. For example, if the satellite were a more metal-poor dwarf galaxy, a merger between the galaxies would tend to dilute the overall abundance by introducing low-metallicity gas. However, this work shows that the southwestern region is not poorer but rather more enriched in oxygen than the rest of the regions in the galaxy arms. This raises the issue of what is expected based on a smaller merger and its influence on the gradient. Bustamante et al. (2018) analyzed AURIGA cosmological simulations of wet mergers, considering progenitor galaxies with masses in the range 5 × 109 M⊙ < M★ < 2 × 1011 M⊙, to study both minor mergers (mass ratios between 1:10 and 1:3) and major mergers (mass ratios between 1:3 and 1:1). The authors find that, while major mergers are known to strongly alter the radial distribution by diluting the metallicity, minor mergers also present a dilution in metallicity but with a significantly smaller amplitude. These results may explain why we observe a slightly flat gradient. In line with Pan et al. (2025), only a major merger could invert the gradient or make it negative, as before the first pericenter. Thus, since NGC 1313 is considered a possible minor merger by Peters et al. (1994), the flattened gradient without a pronounced inversion is consistent with this interpretation.
It is important to note that the GMOS-S spectroscopic data cannot confirm the presence of an interaction. However, the results obtained suggest a slightly different behavior in the southwestern regions of the system. Considering this, together with information in the literature on NGC 1313, we suggest an evolutionary scenario in which this system underwent a minor interaction with a satellite that was cannibalized by NGC 1313. This triggered bursts of star formation in the southwestern region, where we observe low electron densities, SN 1978K, neutral hydrogen supershells, and young, massive regions. However, the flat gradient may be the result of gas mixing caused by gas flows. In this regard, we suggest that NGC 1313 likely experiences outflows driven by stellar winds, which enrich the medium by transporting elements from the central region. However, as mentioned in the simulation works (Rupke et al. 2010; Perez et al. 2011), inflows of less enriched gas may also dilute the central abundance. In addition to this, we add the influence of the bar on the transport of gas toward the central regions of the Galaxy. For example, minor mergers alter gradients less dramatically than major mergers. As a result, one would expect only the southwestern region of the system to show this flattening, whereas the northeast arm (supposedly undisturbed) would not be affected. However, in this work, we also observe that the gradient in the northeast arm indicates flattening.
To complement and support the chemical analysis, the kinematic features reveal clear signatures of past interactions in NGC 1313. The northern region of this system reveals multiple Hα profiles and noncircular motions, which suggest previous interactions. Conversely, the southwest spiral arm does not show strong evidence of kinematic anomalies. However, we note that our Hα SAM-FP data do not cover southern star-forming complexes (as shown in Figure 1); therefore, we can only refer to the kinematics of the main body of this system. Overall, our kinematic findings are consistent with the observed oxygen abundance distribution, where a flatter chemical abundance can be explained by the gas mixing process due to previous interactions events. A spatially resolved spectroscopic analysis would be valuable for studying the correlation between the kinematics and the metal distribution in more detail.
5.3.2. Influence of the bar
The bar may also play a role in the mixing of chemical elements from one arm to the other, altering the chemical composition of the galaxy center. However, given the properties and regions observed in this work, it is not possible to determine the influence of each phenomenon on the flattening of the gradient. For that reason, we suggest that the observed flattening results from the influence of the bar, which drives radial gas flows that mix material throughout the galactic disk.
In NGC 1313, the bar is a prominent structure, so it is worth discussing whether it plays a role in gas mixing. This is because its role in gas dynamics is known, influencing gas flows towards the galactic center. Walsh & Roy (1997) noted that barred galaxies have flatter radial abundance distributions compared to normal disk-type galaxies, regardless of their mass. Furthermore, they highlighted that a bar can be responsible for the transfer of angular momentum through radial gas flows into and out of the disk. Therefore, the bar becomes an effective pathway for radially homogenizing the abundance distribution (Friedli et al. 1994). Walsh & Roy (1997) also noted that as the bar ages, the dilution of abundances by radial mixing decreases the slope; that is, it flattens the gradient. However, when observing regions in the bar of NGC 1313, they noted that it is metal-rich and hence young. One would expect a pronounced gradient, at least in the bar region, but they did not observe this in NGC 1313. Consequently, the authors suggest that the presence of the bar in galaxies such as NGC 1313 and the LMC results in the absence of a gradient.
However, studies such as Chen et al. (2023), which analyze oxygen abundance gradients in barred galaxies, find that the gradient break and flattening occur in regions farther from the center, suggesting that the flattening may be due to activity in the arms rather than in the bar. Similarly, simulations (e.g., Grand et al. 2012, 2016) show that spiral arms can induce significant radial migration and gas mixing, leading to flattened gradients over time.
6. Summary
We characterized 19 star-forming regions throughout the local system NGC 1313 using spectroscopic data obtained with GMOS-S in multi-slit mode. We aimed to estimate and analyze the main physical properties of NGC 1313 and thus understand whether its perturbed morphology, associated with a possible interaction, has altered its evolution.
The regions observed in NGC 1313 are all H II regions, whose ionization is driven by massive O- and B-type stars through their UV radiation. Furthermore, these regions exhibit low electron densities (ne < 10–142 cm−3), consistent with typical H II regions in a barred spiral galaxy such as NGC 1313, which is often considered transitional between the SMC and the LMC. The regions are also young and massive, with ages younger than 6 Myr and masses between ∼104.9 and 106.3 M⊙. This is consistent with the results of Finn et al. (2024), who show that NGC 1313 is efficient at forming young and massive clusters.
The NGC 1313 system shows a low oxygen abundance, with metallicities ranging from 12+log(O/H) = 8.01 to 8.22, with a mean value of 12+log(O/H) = 8.13. These values place NGC 1313 in between the SMC and LMC in terms of metallicity. When estimating the abundance gradient, we find a nearly flat chemical gradient, regardless of the adjustment made to the regions. However, separating between the northeast and southwest regions shows that the southwestern region drives this slight overabundance in the outskirts of the galaxy, making the gradient slope slightly positive or at least flat when considering all the regions in a single fit. Based on this, gas flows become a likely scenario, where gas inflows or outflows may have diluted the central metallicity and spread enriched material, respectively.
Finally, we suggest an evolutionary scenario in which NGC 1313 interacted with a satellite galaxy in the southwestern region. This likely caused the flattening of the abundance gradient, the low chemical abundances and electron densities, and the presence of young, moderately massive regions. However, the gradient in the northeast arm is also interesting, as flattening is observed. This may indicate the presence of gas flows that mix chemical material throughout the galaxy.
NGC 1313 thus represents an ideal laboratory for studying how interactions affect particularly low-mass barred spiral galaxies. Its perturbed morphology suggests a past minor interaction with a satellite galaxy in the southwestern region of the system. This minor interaction left subtle traces, including a perturbed arm, a nearly flat abundance gradient, young massive H II regions, and localized chemical enrichment in the southwestern region.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Top panel: Hα images of the two Gemini Multi-Object Spectrograph (GMOS) fields observed in NGC 1313. Field 1 (upper left) covers the main body of the galaxy, while field 2 (lower right) covers the star-forming clouds in the southwest. Red rectangles indicate the slit positions for the observed H II regions, with their IDs labeled in yellow. Red crosses indicate regions without detected emission. Cyan rectangles indicate regions where emission was detected but not analyzed (see section 2). The blue diamond indicates a star cluster observed by its Hα emission. The red circle indicates the center of NGC 1313 from the NASA/IPAC Extragalactic Database (NED). North is up and east is to the left. Bottom panel: Spectrum of region #1 observed in NGC 1313, corrected for extinction using the law of Calzetti et al. (2000). Emission lines characteristics of a star-forming region are labeled.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Baldwin–Phillips–Terlevich (BPT) diagram (Baldwin et al. 1981) for the 19 star-forming regions of NGC 1313. Top panel: [O III]/Hβ versus [N II]/Hα. Bottom panel: [O III]/Hβ versus [S II]/Hα. In both panels, the solid blue line represents the limit proposed by Kewley et al. (2001). In the top panel, the dashed blue line represents the limit of Kauffmann et al. (2003) to differentiate between AGNs and star formation. The dashed blue line in the bottom panel represents the limit of Kewley et al. (2006) to separate Seyferts from low-ionization nuclear emission-line regions (LINERs).
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	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Diagnostic WHAN diagram (Cid Fernandes et al. 2011) for the 19 star-forming regions observed in NGC 1313. The dashed green line separates AGNs and star formation, the dashed orange line separates strong and weak AGNs and the dashed blue line separates star-forming from passive galaxies.
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	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Radial abundance gradient in NGC 1313. The points represent the abundances derived using the N2 method for the 19 regions studied. The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. For comparison, we show the slopes of different interacting systems, such as NGC 92 (Torres-Flores et al. 2014), NGC 6845 (Olave-Rojas et al. 2015), NGC 1512 (Bresolin et al. 2012), and NGC 55 (Magrini et al. 2017). The average abundances of the LMC and SMC (Russell & Dopita 1990) are also indicated for reference.
In the text



	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Oxygen abundance gradients for the 19 star-forming regions using the N2 method from Marino et al. (2013). The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. Panel (a): Radial gradient separating regions belonging to the main body of the galaxy (“Galaxy”) and the southwestern regions of the system (“Clouds”). Panel (b): Galactocentric gradient separating between regions northeast (“Galaxy left”) and southwest (“Galaxy right”) of the center of NGC 1313. For all gradients, the slope and intercept of the fits are indicated at the top.
In the text



	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Top panel: Hα image of NGC 1313 derived from the SOAR Adaptive Module-Fabry-Perot (SAM-FP) data cube. Middle panel: Velocity field for NGC 1313. In both panels, slack contours represent the Hα emission and selected regions are highlighted with red boxes. Bottom panel: Zoom-in of regions showing the complex kinematics of NGC 1313. Each panel shows the Hα profiles extracted from 10 × 10 pixel boxes in the data cube.
In the text
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      Table 1. 

      Coordinates of the star-forming regions observed in NGC 1313, together with the emission-line fluxes and associated stellar color excess values.

      
        


	ID
	RA
	Dec
	E(B − V)s
	Hβλ4861
	[O III] λ5007
	Hαλ6563
	[N II] λ6584
	[S II] λ6716
	[S II] λ6731




	J2000
	J2000






	1
	03:18:05.640
	−66:30:24.69
	0.109 ± 0.013
	76.522 ± 2.164
	427.052 ± 16.032
	257.488 ± 1.858
	7.161 ± 1.894
	6.448 ± 0.097
	4.958 ± 0.087



	2
	03:18:04.375
	−66:30:26.06
	0.054 ± 0.016
	14.925 ± 0.593
	74.586 ± 3.721
	46.165 ± 0.470
	1.633 ± 0.447
	1.927 ± 0.025
	1.433 ± 0.022



	3
	03:18:14.078
	−66:30:34.99
	0.107 ± 0.017
	11.544 ± 0.493
	34.509 ± 1.399
	38.739 ± 0.349
	2.523 ± 0.328
	2.489 ± 0.096
	1.584 ± 0.074



	4
	03:18:20.213
	−66:28:42.79
	0.044 ± 0.013
	27.353 ± 0.721
	119.359 ± 4.474
	83.540 ± 1.724
	3.299 ± 1.744
	3.084 ± 0.039
	2.358 ± 0.034



	5
	03:18:24.470
	−66:28:45.81
	0.126 ± 0.016
	41.371 ± 1.183
	110.078 ± 2.769
	142.615 ± 3.538
	7.629 ± 3.140
	6.803 ± 0.078
	5.175 ± 0.071



	6
	03:18:38.021
	−66:29:32.76
	0.028 ± 0.015
	26.796 ± 0.970
	124.782 ± 3.332
	80.038 ± 1.262
	3.351 ± 1.233
	4.614 ± 0.063
	3.507 ± 0.053



	7
	03:18:41.431
	−66:30:07.14
	0.054 ± 0.013
	9.753 ± 0.311
	26.238 ± 0.894
	30.152 ± 0.318
	1.886 ± 0.307
	1.719 ± 0.035
	1.212 ± 0.029



	8
	03:18:30.046
	−66:29:05.04
	0.059 ± 0.019
	6.794 ± 0.350
	29.676 ± 0.994
	21.257 ± 0.134
	0.721 ± 0.123
	0.718 ± 0.010
	0.506 ± 0.008



	9
	03:18:17.155
	−66:28:44.19
	0.177 ± 0.020
	8.345 ± 0.284
	14.359 ± 0.654
	31.093 ± 0.718
	0.792 ± 0.213
	2.075 ± 0.056
	1.627 ± 0.049



	10
	03:18:18.684
	−66:29:01.14
	0.033 ± 0.014
	3.428 ± 0.130
	10.078 ± 0.383
	10.281 ± 0.104
	0.543 ± 0.095
	0.461 ± 0.020
	0.273 ± 0.016



	11
	03:17:58.563
	−66:33:06.30
	0.040 ± 0.016
	10.556 ± 0.435
	26.640 ± 1.313
	32.019 ± 0.389
	2.029 ± 0.384
	2.276 ± 0.037
	1.616 ± 0.031



	12
	03:18:02.691
	−66:32:41.67
	0.057 ± 0.015
	5.613 ± 0.221
	17.461 ± 1.013
	17.434 ± 0.203
	0.735 ± 0.197
	0.751 ± 0.016
	0.530 ± 0.013



	13
	03:18:01.248
	−66:32:41.09
	0.009 ± 0.023
	1.570 ± 0.102
	2.894 ± 0.132
	4.562 ± 0.049
	0.286 ± 0.046
	0.395 ± 0.010
	0.253 ± 0.008



	14
	03:18:07.790
	−66:32:30.76
	0.012 ± 0.022
	0.962 ± 0.054
	3.684 ± 0.194
	2.809 ± 0.042
	0.165 ± 0.042
	0.189 ± 0.006
	0.127 ± 0.004



	15
	03:17:38.419
	−66:31:25.36
	0.088 ± 0.014
	5.913 ± 0.164
	17.750 ± 0.766
	19.285 ± 0.358
	0.909 ± 0.394
	1.115 ± 0.018
	0.765 ± 0.014



	16
	03:17:39.384
	−66:31:45.77
	0.087 ± 0.023
	3.832 ± 0.228
	12.797 ± 0.627
	12.506 ± 0.193
	0.476 ± 0.191
	0.577 ± 0.019
	0.426 ± 0.016



	17
	03:17:42.749
	−66:31:21.99
	0.016 ± 0.028
	0.948 ± 0.067
	2.168 ± 0.110
	2.780 ± 0.057
	0.189 ± 0.052
	0.293 ± 0.009
	0.214 ± 0.008



	19
	03:17:52.915
	−66:32:05.00
	0.008 ± 0.060
	0.558 ± 0.083
	3.781 ± 0.137
	1.629 ± 0.027
	0.118 ± 0.024
	0.212 ± 0.013
	0.147 ± 0.011



	20
	03:17:44.344
	−66:31:45.36
	0.040 ± 0.101
	0.452 ± 0.117
	0.445 ± 0.064
	1.400 ± 0.020
	0.082 ± 0.016
	0.181 ± 0.012
	0.138 ± 0.011





      

      
Notes. All fluxes are in units of [×10−15 erg s−1 cm−2
Å−1] and corrected by extinction.



    

  
    
      Table 2. 

      Deprojected distances, N2 calibrator, oxygen abundances, electron densities, and ages for the star-forming regions in NGC 1313.

      
        


	ID
	r [kpc]a
	N2
	12+log(O/H)b†
	RS2c
	ne [cm−3]d
	Ages e



	[106 yr]





	1
	1.98 ± 0.11
	−1.55 ± 0.11
	8.02 ± 0.07 (±0.18)
	1.30 ± 0.03
	121
	[image: Mathematical equation: $ 2:73^{+0:02}_{-0:02} $]



	2
	2.21 ± 0.12
	−1.45 ± 0.11
	8.07 ± 0.07 (±0.18)
	1.35 ± 0.03
	71
	[image: Mathematical equation: $ 3:33^{+0:46}_{-0:24} $]



	3
	0.91 ± 0.02
	−1.18 ± 0.05
	8.20 ± 0.05 (±0.17)
	1.57 ± 0.10
	< 10
	[image: Mathematical equation: $ 4:74^{+0:03}_{-0:02} $]



	4
	1.63 ± 0.04
	−1.40 ± 0.22
	8.10 ± 0.11 (±0.20)
	1.31 ± 0.03
	110
	[image: Mathematical equation: $ 2:87^{+0:04}_{-0:03} $]



	5
	2.06 ± 0.08
	−1.27 ± 0.17
	8.16 ± 0.09 (±0.19)
	1.32 ± 0.02
	100
	[image: Mathematical equation: $ 3:65^{+0:19}_{-0:33} $]



	6
	4.01 ± 0.23
	−1.37 ± 0.15
	8.11 ± 0.09 (±0.18)
	1.32 ± 0.03
	100
	[image: Mathematical equation: $ 2:99^{+0:23}_{-0:11} $]



	7
	4.64 ± 0.27
	−1.20 ± 0.07
	8.19 ± 0.05 (±0.17)
	1.42 ± 0.05
	10
	[image: Mathematical equation: $ 4:57^{+0:06}_{-0:07} $]



	8
	2.73 ± 0.14
	−1.46 ± 0.07
	8.06 ± 0.06 (±0.17)
	1.42 ± 0.03
	10
	[image: Mathematical equation: $ 4:93^{+0:03}_{-0:03} $]



	9
	1.43 ± 0.01
	−1.59 ± 0.11
	8.01 ± 0.07 (±0.18)
	1.28 ± 0.05
	142
	[image: Mathematical equation: $ 5:03^{+0:04}_{-0:03} $]



	10
	1.17 ± 0.02
	−1.27 ± 0.07
	8.15 ± 0.05 (±0.17)
	1.69 ± 0.13
	< 10
	[image: Mathematical equation: $ 5:77^{+0:09}_{-0:11} $]



	11
	5.02 ± 0.16
	−1.19 ± 0.08
	8.19 ± 0.05 (±0.17)
	1.41 ± 0.04
	18
	[image: Mathematical equation: $ 3:40^{+0:30}_{-0:35} $]



	12
	4.17 ± 0.12
	−1.37 ± 0.11
	8.11 ± 0.07 (±0.17)
	1.42 ± 0.05
	10
	[image: Mathematical equation: $ 3:88^{+0:25}_{-0:68} $]



	13
	4.35 ± 0.14
	−1.20 ± 0.07
	8.19 ± 0.05 (±0.17)
	1.56 ± 0.07
	< 10
	[image: Mathematical equation: $ 4:93^{+0:10}_{-0:14} $]



	14
	3.47 ± 0.06
	−1.23 ± 0.11
	8.17 ± 0.06 (±0.17)
	1.48 ± 0.08
	< 10
	[image: Mathematical equation: $ 3:25^{+1:74}_{-0:44} $]



	15
	7.11 ± 0.39
	−1.32 ± 0.18
	8.13 ± 0.10 (±0.19)
	1.46 ± 0.04
	< 10
	[image: Mathematical equation: $ 4:22^{+0:33}_{-0:55} $]



	16
	7.05 ± 0.38
	−1.41 ± 0.17
	8.09 ± 0.09 (±0.18)
	1.36 ± 0.07
	62
	[image: Mathematical equation: $ 4:50^{+0:23}_{-0:35} $]



	17
	6.31 ± 0.35
	−1.16 ± 0.12
	8.20 ± 0.07 (±0.17)
	1.37 ± 0.07
	53
	[image: Mathematical equation: $ 4:90^{+0:48}_{-0:35} $]



	19
	4.97 ± 0.23
	−1.14 ± 0.09
	8.22 ± 0.06 (±0.17)
	1.44 ± 0.15
	< 10
	[image: Mathematical equation: $ 4:17^{+4:17}_{-4:17} $]



	20
	6.20 ± 0.33
	−1.23 ± 0.08
	8.17 ± 0.06 (±0.17)
	1.31 ± 0.14
	110
	[image: Mathematical equation: $ 6:02^{+0:76}_{-0:61} $]





      

      
Notes. aDeprojected galactocentric distance of the star-forming regions from the center of NGC 1313, estimated using the method proposed by Scarano et al. (2008). bOxygen abundances estimated using the N2 method proposed by Marino et al. (2013). cLine ratio [S II] λ6716Å/[S II] λ6731Å. dElectron densities obtained with the TEMDEN task of IRAF. eAge of the region estimated using the STARBURST99 model. Uncertainties correspond to the confidence interval derived from the Hα equivalent width (EW) uncertainty. †The uncertainty values are estimated from the uncertainties associated with the emission-line flux measurements. In parentheses we include the uncertainty associated with the dispersion of the calibrator (0.16 dex).



    

  
    
      Table 3. 

      Apparent magnitudes in the g and i bands, absolute magnitudes in the i band, and masses with their uncertainties for the H II regions in NGC 1313.

      
        


	ID
	mg*a
	mi*a
	Mi*b
	Mass*c



	log(M*)[M⊙]





	1
	16.126 ± 0.001
	16.708 ± 0.001
	−11.403 ± 0.001
	6.272 ± 0.001



	2
	17.092 ± 0.001
	17.112 ± 0.001
	−10.999 ± 0.001
	6.111 ± 0.001



	3
	16.769 ± 0.001
	16.774 ± 0.001
	−11.337 ± 0.001
	6.246 ± 0.001



	4
	16.864 ± 0.001
	17.227 ± 0.001
	−10.885 ± 0.001
	6.065 ± 0.001



	5
	16.32 ± 0.001
	16.786 ± 0.001
	−11.325 ± 0.001
	6.241 ± 0.001



	6
	16.824 ± 0.001
	17.156 ± 0.001
	−10.955 ± 0.001
	6.093 ± 0.001



	7
	18.344 ± 0.001
	18.574 ± 0.003
	−9.537 ± 0.003
	5.526 ± 0.001



	8
	17.738 ± 0.001
	17.873 ± 0.002
	−10.238 ± 0.002
	5.806 ± 0.001



	9
	16.517 ± 0.001
	16.628 ± 0.001
	−11.483 ± 0.001
	6.304 ± 0.001



	10
	17.369 ± 0.001
	17.135 ± 0.001
	−10.977 ± 0.001
	6.102 ± 0.001



	11
	18.154 ± 0.001
	18.428 ± 0.005
	−9.683 ± 0.005
	5.584 ± 0.002



	12
	18.649 ± 0.002
	18.924 ± 0.008
	−9.187 ± 0.008
	5.386 ± 0.003



	13
	18.823 ± 0.002
	18.941 ± 0.007
	−9.170 ± 0.007
	5.379 ± 0.003



	14
	20.155 ± 0.005
	19.740 ± 0.010
	−8.371 ± 0.010
	5.060 ± 0.004



	15
	18.081 ± 0.001
	18.535 ± 0.004
	−9.577 ± 0.004
	5.542 ± 0.002



	16
	18.845 ± 0.002
	19.171 ± 0.007
	−8.940 ± 0.006
	5.287 ± 0.003



	17
	18.778 ± 0.002
	18.620 ± 0.003
	−9.492 ± 0.003
	5.508 ± 0.001



	19
	19.895 ± 0.004
	19.809 ± 0.009
	−8.302 ± 0.009
	5.032 ± 0.004



	20
	19.74 ± 0.004
	19.972 ± 0.011
	−8.140 ± 0.011
	4.967 ± 0.004





      

      
Notes. aApparent magnitude corrected for extinction (Calzetti et al. 2000) in the g and i bands of the Legacy Survey. bAbsolute magnitude in the i band of the Legacy Survey. cStellar mass. *The uncertainties associated with the apparent magnitudes are obtained from the Legacy weight image for each filter and aperture. The uncertainties for the stellar masses are then propagated.



    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        Baldwin–Phillips–Terlevich (BPT) diagram (Baldwin et al. 1981) for the 19 star-forming regions of NGC 1313. Top panel: [O III]/Hβ versus [N II]/Hα. Bottom panel: [O III]/Hβ versus [S II]/Hα. In both panels, the solid blue line represents the limit proposed by Kewley et al. (2001). In the top panel, the dashed blue line represents the limit of Kauffmann et al. (2003) to differentiate between AGNs and star formation. The dashed blue line in the bottom panel represents the limit of Kewley et al. (2006) to separate Seyferts from low-ionization nuclear emission-line regions (LINERs).

      

    

  
    
      Fig. 3. 

      
        [image: Fig. 3. Refer to the following caption and surrounding text.]
      

      
        Diagnostic WHAN diagram (Cid Fernandes et al. 2011) for the 19 star-forming regions observed in NGC 1313. The dashed green line separates AGNs and star formation, the dashed orange line separates strong and weak AGNs and the dashed blue line separates star-forming from passive galaxies.

      

    

  
    
      Fig. 4. 

      
        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        Radial abundance gradient in NGC 1313. The points represent the abundances derived using the N2 method for the 19 regions studied. The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. For comparison, we show the slopes of different interacting systems, such as NGC 92 (Torres-Flores et al. 2014), NGC 6845 (Olave-Rojas et al. 2015), NGC 1512 (Bresolin et al. 2012), and NGC 55 (Magrini et al. 2017). The average abundances of the LMC and SMC (Russell & Dopita 1990) are also indicated for reference.

      

    

  
    
      Table 4. 

      Slopes and intercepts calculated for different fits to the oxygen abundance gradient in NGC 1313.

      
        


	Gradient
	Fit
	Slopea
	Intercepta





	Radial
	Galaxy and clouds
	0.0114 ± 0.0074
	8.106 ± 0.030



	Only galaxy
	0.0062 ± 0.0183
	8.108 ± 0.048



	Only southwest clouds
	−0.0064 ± 0.0121
	8.207 ± 0.063



	




	Galactocentric
	Northeast arm
	−0.0196 ± 0.0176
	8.070 ± 0.052



	Southwest arm and clouds
	0.0057 ± 0.0094
	8.137 ± 0.043





      

      
Notes. aThe uncertainties are calculated from the uncertainties in the flux estimations, inclination, and position angle.



    

  
    
      Fig. 5. 

      
        [image: Fig. 5. Refer to the following caption and surrounding text.]
      

      
        Oxygen abundance gradients for the 19 star-forming regions using the N2 method from Marino et al. (2013). The error bars for each star-forming region represent the uncertainties in the oxygen abundances, including the flux estimation errors and the uncertainties in the inclination and position angle. For reference, we show the calibrator dispersion (0.16 dex; Marino et al. 2013) as a vertical line. Panel (a): Radial gradient separating regions belonging to the main body of the galaxy (“Galaxy”) and the southwestern regions of the system (“Clouds”). Panel (b): Galactocentric gradient separating between regions northeast (“Galaxy left”) and southwest (“Galaxy right”) of the center of NGC 1313. For all gradients, the slope and intercept of the fits are indicated at the top.

      

    

  
    
      Fig. 6. 

      
        [image: Fig. 6. Refer to the following caption and surrounding text.]
      

      
        Top panel: Hα image of NGC 1313 derived from the SOAR Adaptive Module-Fabry-Perot (SAM-FP) data cube. Middle panel: Velocity field for NGC 1313. In both panels, slack contours represent the Hα emission and selected regions are highlighted with red boxes. Bottom panel: Zoom-in of regions showing the complex kinematics of NGC 1313. Each panel shows the Hα profiles extracted from 10 × 10 pixel boxes in the data cube.
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